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ABSTRACT 


This  thesis  describes  the  development  of  a digital 
computer  model  which  analyzes  the  InvestmentSy  costs  and 
Income  for  the  micellar  tertiary  oil  recovery  process  as 
applied  in  the  state  of  Kansas.  The  economic  model  will 
calculate  the  oil  price  necessary  to  attain  a specified 
rate-of-return  and,  conversely,  a present  worth  profile 
for  a given  oil  price.  Input  data  for  the  economic  model 
are  based  on  actual  data  from  Kansas  oil  operators.  The 
output  includes  summaries  of  the  preaent  worth  calculations 
and  oil  price  required  to  make  specified  rates-of-return. 

The  economic  model  makes  available  to  the  user  one  of 
four  different  methods  of  depreciation.  Options  are 
included  to  capitalize  or  expense  chemicals,  and  to  calculate 
percentage  depletion  allowance. 

The  test  results  are  rapresentative  of  a Kansas  oil 
field.  The  economic  model  can  be  easily  modified  for 
application  to  other  methods  of  tertiary  oil  recovery  or 
to  other  states.  It  is  expected  that  this  mod^  will  find 
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CHAPTER  1 
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INTRODUCTION 

The  United  States*  economy  is  built  on  a stable  and 
relatively  cheap  energy  supply  base  (16).  Fossil  fuel 
consumption  has  increased  in  demand*  but  the  discovezy 
rates  of  the  oil  industry  are  on  the  decline  (11).  A 
majority  of  oil  found  in  the  United  States  cannot  be 
recovered  by  primary  or  secondary  methods  of  production 
and  therefore,  in  the  long  run,  more  advanced  tertiary 
methods  of  recovery  must  be  utilized  (28). 

In  1973  and  1974,  the  energy  crisis  brought  a new 
awakening  concerning  the  availability  of  fossil  fuels  that 
had  been  previously  taken  for  granted.  The  Oil  Producing 
Export  Countries  (OPEC)  increased  the  export  prices  of 
oil  to  approximately  $11.00  per  barrel  (9)  and  governments 
throughout  the  world  became  most  concerned  as  to  the 
economic  stability  of  their  countries.  Oil  producing  states 
also  saw  the  need  for  a greater  conservation  of  their 
fossil  fuel  reserves. 

It  is  estimated  that  two-thirds  of  the  oil  found  in 
the  United  States  will  not  be  recovered  by  application  of 
primary  and  secondary  methods  of  production  (28).  Primary 
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recovery  is  defined  as  the  oil  recovered  by  any  natural 
flow  or  artificial  lift  method  that  may  be  employed  to 
produce  through  a single  well  bore.  The  fluid  must  enter 
the  well  bore  by  the  action  of  native  reservoir  energy  or 
gravity.  Secondary  recovery,  on  the  other  hand,  is  defined 
as  the  oil  recovered  by  an  artificial  flowing  or  p\imping 
method  that  may  be  employed  to  produce  through  the  joint 
use  of  two  or  more  well  bores.  Secondary  recovery  is 
generally  recognized  as  being  that  recovery  which  is 
obtained  by  injection  of  liquids  or  gases  into  the  reservoir 
for  the  purpose  of  augmenting  reservoir  energy.  Waters 
flooding  is  the  most  widely  used  method.  Usually,  secon- 
dary recovery  is  applied  after  the  primary  phase  has  pass- 
ed  (20). 

New  ways  are  being  sought  to  recover  the  remaining 
resources  left  after  application  of  primary  or  secondary 
recovery  methods.  These  new  methods  are  termed  tertiary 
oil  recovery  or  enhanced  oil  recovery  methods.  The  term 
'•tertiary'*  is  used  since  a "third  crop"  of  oil  is  being 
produced.  It  is  generally  felt  that  economic  incentives 
must  be  high  for  tertiary  recovery  to  be  applicable  (11). 
Normally,  tertiary  oil  recovery  would  be  applied  after 
primary  and  secondary  recovery  are  no  longer  feasible,  but 
the  technique  could  be  applied  earlier  in  the  life  of  an 
oil  field. 
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A proposal  for  a research  program  in  the  area  of 
tertiary  oil  recovery  was  made  to  the  state  government  in 
Kansas  by  the  Department  of  Chemical  and  Petroleum  Engi*- 
neering.  University  of  Kansas,  in  1973  (18).  The  proposal 
was  to  develop  a program  to  provide  research  results  and 
technological  information  on  tertiary  oil  recovery  to  the 
Kansas  oil  industry  as  operators  looked  ahead  to  enhanced 
oil  recovery  operations  in  the  State.  Independent  oil 
companies  make  up  about  80  percent  of  the  oil  industry  in 
Kansas.  The  Kansas  Legislature  appropriated  funds  for  the 
Tertiary  Oil  Recovery  Project  (TORP)  beginning  in  July, 

1974. 

Elements  of  this  project  arei  i)  to  make  assessments 
of  resources!  ii)  establish  a laboratory  and  conduct 
research!  iii)  perform  computer  modeling!  iv)  establish 
interaction  with  the  oil  field  and  engineering  projects! 
and  v)  disseminate  technical  information  to  operators 
(See  Appendix  E). 

As  a part  of  the  project,  it  is  important  to  evaluate 
the  economies  of  the  different  processes.  An  oil  or  gas 
investor  must  place  a time  value  on  his  money.  The 
question  is  asked,  “Should  aji  investment  be  made  in  the 
micellar  method  of  tertiary  oil  recovery?**  It  is  a gener- 
ally accepted  idea  about  those  processes  that,  because  of 
the  large  amount  of  initial  investment  or  heavy  “front-end 
loading"  of  costs,  a competitive  rate “of -return  must  be  - ' 


4 


achieved.  This  must  be  the  case  for  companies  to  invest 
in  such  a project.  Also*  because  of  the  high  risks  in 
application  of  enhanced  oil  recovery  methods*  a higher 
rate  of  return  (relative  to  low- risk  projects)  is  often 
reqiiired, 

Carey  and  Mathur  (24)  observed  that  the  Discounted 
Cash  Flow  (DCF)  method  of  economic  analysis  is  the  most 
widely  used  evaluation  yardstick  for  profitability 
calculations.  Their  conclusion  resulted  from  interviews 
with  major  oil  companies.  A study  by  Don  Frost  (10) 
confirmed  their  findings.  Frost  presented  a paper  which 
evaluated  the  method  of  economic  analysis  used  by  nine 
independent  oil  producers  of  Kansas.  His  findings  reveal- 
ed that  eight  of  those  companies  interviewed  used  a dis- 
counted cash  flow  concept  of  investment  analysis. 

Gogairty  (l4)«  performed  a discounted  cash  flow  analysis 
for  a micellar  recovery  project.  Economic  calculations 
published  in  his  paper  seem  to  be  the  pioneer  economic 
study  for  the  micellar  process. 

Other  literature  surveyed  and  used  for  this  research 
is  discussed  in  Chapter  2.  The  concepts  provided  in  these 
publications  are  applied  to  develop  an  economic  model. 

The  model  uses  a discounted-cash-flow,  rat e-of- return 
calculation  to  evaluate  the  potential  economic  feasibility 
of  application  of  the  micellar  process  of  tertiary  oil 
recovery  in  Kansas. 


The  objective  of  this  study  is  to  provide  an  economic 
model  for  the  micellar  process  that  can  be  used  for  actual 
field  operations  by  the  independent  oil  operators  in  Kansas. 
The  desirability  of  providing  an  economic  model  for  general 
use  by  independent  oil  operators  within  the  state  was  one 
of  the  stimuli  for  this  research  and  model  development. 
Chapter  2 provides  a summary  of  the  literature  that 
was  found  to  be  pertinent  in  this  research.  Other  literature 
is  also  discussed  because  it  provided  a background  in 
establishing  the  concepts  that  apply  in  the  economic  model. 

Chapter  3 is  divided  into  four  sections.  Section  1 
presents  the  general  concept  of  a rate  of  return  auialysis. 
Section  2 discusses  the  production  input  data  to  the  model. 
Section  3 discusses  the  input  of  the  economic  data  and 
Section  4 provides  a discussion  of  the  economic  model. 

Chapter  4 provides  the  results  of  the  model  application 
and  an  analysis  of  those  resxilts.  These  analyses  show 
effects  of  different  economic  parameters  such  as  type  of 
depreciation  employed,  capitalizing  or  expensing  of 
chemicals  used  in  the  project,  oil  price  and  application 
of  depletion  allowance. 

Chapter  5 proposes  future  work  for  continued  economic 
analysis  of  micellar-polymer  flooding.  Conclusions  are 
drawn  and  recommendations  for  application  of  the  economic 
model  are  also  provided  in  this  chapter. 
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A Fortran  listing  of  the  program  Is  contained  in 
Appendix  C,  with  the  exception  of  subroutine  M15A  which 
is  a portion  of  the  program  library  at  the  University  of 


Kansas . 


CHAPTER  2 


LITERATURE  REVIEW 


There  are  many  different  methods  of  analyzing  the 
profitability  of  proposed  capital  investments.  The 
discount ed-cash-flow,  rate-of-retum  method  has  been 
advocated  as  a means  of  discriminating  among  new  invest- 
ments. Areas  covered  in  the  investigation  of  literature 
for  this  research  have  been  categorized  as  follows i 

Micellar  Process 

General  Economics 

Production  and  Cost  Data 

Computer  Modeling  Economics 

Discounted  Cash  Flow,  Taxes  and  Oil 
Property  Valuation 

Using  these  categories,  the  •'  and  Gas  Journal**  was 
researched  beginning  in  i960,  but  only  general  background 
information  was  obtained.  The  "Journed  of  Petroleum 
Technology"  and  reprints  published  by  the  Society  of 
Petroleum  Engineers  of  AIME  provided  the  most  information 
on  economics  and  were  reviewed  from  1953*  A review  of 
pertinent  economic  courses  offered  at  the  University  of 
Kansas  was  made.  The  courses  were  taken  to  supplement  the 
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author’s  background.  Information  circulars  by  the  United 
States  Bureau  of  Mines  provided  two  important  works  on 
modeling  and  cost  data  for  waterfloods.  Books  on  general 
economics,  methods  of  analysis,  taixes  and  oil  property 
evaluation  were  also  researched.  Periodical  publications 
on  federal  taxes  were  reviewed  and  new  applicable  information 
on  depletion  was  located.  These  periodicals  were  reviewed 
from  the  year  1970.  Visits  were  made  to  the  field  for  dis- 
cussions with  operators.  Conversations  were  held  with  Dr. 

W.  Barney  Gogarty  (14),  Marathon  Oil  Company  and  W.  D. 
Dietaman  (7),  U.S.  Bureau  of  Mines  in  Dallas.  They  pro- 
vided cost  data  and  their  publications  and  conversations 
proved  most  beneficial  in  building  an  economic  evaluation 
background.  The  simtilation  model  for  the  micellar  process 
developed  by  Shetlar  (31)  provides  further  direction  to 
the  literature  search  for  actued  data  that  could  be  applied 
to  his  model.  Pilot  test  results  presented  by  Cities 
Service  Oil  Company  provided  input  data  for  the  micellar 
process  simulation  model  (29). 

Micellar  Process 

Shetlar* s (31)  thesis  was  used  to  develop  an  under- 
standing of  the  micellar  process.  Various  publications 
which  he  referenced  were  selectively  reviewed  to  provide  a 
background  for  the  application  of  his  model.  The  wader 
should  use  Shetlar* s (31)  work  to  expand  his  knowledge  of 


micellar  solution  displaces  the  oil  and  builds  up  an  oil 
bank  ahead  of  the  slug.  It  Is  not  economical  to  fill  the 
entire  reservoir  with  the  micellar  solution  so  the  slugs 
are  designed  for  an  injection  quantity  of  five  to  ten 
percent  of  the  pore  volume  for  example.  Following  in- 
jection of  the  micellar  slug*  a mobility  buffer  is 
injected  (immediate  injection  of  water  wo\ild  result  in 
the  water  "fingering**  into  the  micellar  slug  and  diluting 
it).  The  mobility  buffer  is  usually  an  aqueous  polymer 
solution*  therefore*  the  process  is  often  referred  to  as 
a micellar-polymer  displacement.  Economic  constraints 
also  limit  the  quantity  of  polymer  that  can  be  injected. 


thus  the  mobility  buffer  (which  may  be  on  the  order  of 
50^  of  a pore  volume)  is  displaced  by  water.  This  water 
is  sometimes  referred  to  as  •'chase  water." 


General  Economics 

The  reason  for  this  search  was  to  establish  a back- 
ground in  economics.  Courses  were  taken  in  the  application 
of  engineering  economics.  The  text  used  was  Engineering 
Economy  by  Grant  and  Ireson  (17)  which  established  concepts 
of  application  of  depreciation,  rate -of -return  calculations 
and  effects  of  before  and  after  tax  analysis.  A course  in 
Managerial  Economics  (2)  supplemented  a background  in  the 
field  of  economics. 

DeGaxmo's  (6)  book.  Engineering  Economy,  was  used  to 
develop  a background  in  risk  analysis  and  rate-of-retum 
analysis. 

Carter  (4)  described  types  of  foimats  which  might  be 
used  in  rate-of-retum  calculations.  He  also  discussed, 
from  an  etMcal  viewpoint,  the  rationale  for  performing 
an  accurate  study.  Glenn  (12)  made  observations  as  to  why 
investors  desire  to  use  a discounted-cash-flow  method  as 
an  economic  criterion  for  investments.  His  conclusions 
confiimed  other  authors*  writings  that  the  time  value  of 
money  does  need  to  be  considered. 


11 


Data 

Wayhan*s  (35)  discussion  of  waterflooding  evaluations 
had  little  direct  application  to  this  research*  but  did 
provide  lifting  coat  data.  He  used  5*5  cents  per  barrel 
of  fluid  produced  and  two  cents  per  barrel  for  injection 
costs.  This  study  was  performed  on  twenty-three  wells 
in  the  Denver  basin  and  was  used  as  a check  on  the  data 
gathered  and  used  in  the  present  model. 

Cities  Service  Oil  Company  (29)  published  a report  on 
the  El  Dorado*  Kansas  micellar-polymer  demonstration 
project  which  is  being  done  in  cooperation  with  the  Energy 
Research  and  Development  Administration  (ERDA).  Reservoir 
data  were  provided  in  the  report  and  these  data  were  used 
as  a basis  for  development  of  an  example  field  case  which 
was  considered  typical. of  eastern  Kansas.  Relative  pexme- 
ability  to  oil  and  water*  weighted  mean  values  of  porosity* 
initial  oil  saturation*  viscosities  and  pressure  drop  data 
were  provided,  Pusch  (26)  published  data  on  core  analysis 
and  log  data  of  the  El  Dorado  micellar-polymer  project. 

An  average  thickness  for  the  formation  was  provided*  plus 
averages  of  porosity*  permeability  and  oil  saturation 
from  both  core  and  log  results. 

Other  data  necessary  for  running  Shetlar's  simulation 
model  (31)  were  slug  mobility  and  polymer  mobility  as  a 
function  of  concentration.  These  data  were  obtained  by 


applying  the  following.  The  total  relative  mobility. 

Total  Relative  Mobility  = ^rc/^o  (2.1) 

= 1/Equivalent  Viscosity 

was  calculated  and  plotted  versus  water  saturation.  The 
minimum  of  the  curve  provided  the  basis  for  design  of  the 
viscosities  of  the  micellar  slug  and  mobility  buffer. 
Trushenski,  Dauben  and  Parrish  (3^)  applied  this  technique 
euid  they,  in  turn,  had  used  Gogarty*s  (15)  approach  to 
mobility  control.  Trushensfci  (3^)  provided  some  observations 
in  which  the  minimum  equivalent  mobilities  could  be  deter- 
mined as  the  equivalent  viscosities  of  the  fluids  in  the 
region  of  the  micellar  slug.  The  mobility  of  the  polymer 
was  determined  using  Schurz*s  (30)  data  on  resistance 
factors  and  polymer  concentrations. 

Geometric  shape  factors  for  Shetlar*a  model  were 
obtained  from  Higgins  and  Leighton's  (19)  work  on 
forecasting  of  waterflood  performance.  An  inverted  five 
spot  was  used. 

Cost  data  were  obtained  by  phone  calls  and  corre- 
spondence to  oil  operators  in  Kansas.  Gogaxrty'a  (l4) 
evaluation  of  a Marathon  surfactant/polymer  flood  in 
Illinois  provided  injection  cost  data  and  a comparison 
for  resTilts  of  calculations  in  the  present  study.  Care 
was  taken  here  because  some  of  the  costs  quoted  by  Gogarty 
were  company  transfer  pricing  (14).  Especially  in  the 
pricing  of  chemicals,  this  is  the  case.  In  a letter  from 
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Witco,  a price  of  about  26  cents  per  pound  of  surfactant 
was  quoted*  but  total  price  is  a function  of  concentration 
design  of  the  micellar  solution. 

Dietzman  (7),  Bureau  Information  Circular  856I, 
provide?  some  very  good  oil  field  production  cost  data  on 
five  different  geographical  areas.  The  Oklahoma  data  were 
found  to  be  the  most  feasible  to  check  against  the  data 
published  by  Gogarty  (14)  and  those  obtained  from  operators 
in  Kansas.  A report  published  by  Lewin  and  Associates*  Inc. 
(22)  used  the  cost  data  by  Dietzman  (7).  By  applying  a cost 
index*  the  quoted  costs  could  be  extrapolated  to  present 
time.  The  cost  figures  obtained  in  this  manner  were  in 
acceptable  agreement  with  the  information  from  Kansas  oil 
operators.  The  Tretolite  Company  provided  some  general 
cost  information  on  treating  the  produced  oil  when  simul- 
tameous  production  of  micellar  slug  or  polymer  occurred. 
Average  cost  for  treating  over  the  life  of  the  project  was 
estimated  at  41.5  cents  per  barrel  of  production. 

Katz  (21)  published  techniques  of  reserve  estimation. 

He  also  addressed  the  method  used  in  determination  of  oil 
in  place.  This  work  provided  some  insight  in  the  deter- 
mination of  the  estimated  quantity  of  recoverable  oil. 

Computer  Modeling  Economics 

A visit  was  made  to  Dallas  to  meet  with  Dietzman  (8) 
and  he  provided  information  about  an  economic  model  that 
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was  used  in  connection  with  publication  of  the  Bureau  of 
Mines  Information  Circular  8652.  His  model  assumed  probable 
oil  recovery  and  was  found  to  be  too  general  for  application 
in  the  micellar  process  economic  amalysis. 

Other  works  provided  only  background  information. 

Herbert  Scheweyer*s  book  on  Analytic  Models  for  Managerial 
and  Engineering  Economics  was  fotind  not  applicable  to  this 
study.  Also,  Forrest  A.  Garb  and  H.  J.  Gray’s  work  on 
A Practical  Application  of  Digital  Computers  to  Economic 
Anaiya^g  of  Producing  Properties  provided  some  direction 
to  this  research. 

Discounted  Cash  Flow/Taxes/Oil  Property  Valuation 

Campbell  (3),  Miegell  (25)  and  Hughes  (20),  all  pro- 
vided excellent  insight  into  performing  present  worth 
calciilations  and  irelated  guidelines  for  oil  property 
evaluation.  Handling  of  income  taxes  were  discussed  for 
the  federal  and  state  levels  of  government.  Advalorem 
taxes  were  not  included  in  the  calculation.  Attendance 
at  four  meetings  in  1975  with  the  review  committee  on 
revision  of  the  state  manual  for  property  valuation  indicated 
that  the  method  of  advalorem  taxing  was  uncertain  for  oil 
properties  on  which  tertiary  oil  recovery  projects  were 
being  conducted.  The  manual  for  tax  assessors  states,  in 
essence,  that  tertiary  oil  recovery  processes  shoxild  be 
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watched  closely.  Income  taxes  for  the  state  are  applied 
using  the  guidelines  and  instructions  prepared  by  the 
State  Revenue  Office  (33)* 


CHAPTER  3 


THE  ECONOMIC  MODEL 

RATE  OP  RETURN  ANALYSIS 

As  observed  by  Mathur  (24)  and  Frost  (10) » the  dis- 
count ed-cash-  flow  (DCP)  * rate-of-retum  method  is  the 
yardstick  preferred  by  most  oil  companies  when  investigating 
a prospective  investment.  The  chief  reason  for  this  is  a 
time-value-of-money  consideration.  However,  this  method 
frequently  overemphasizes  time  value,  with  the  extent  of 
overemphasis  increasing  with  larger  discount  factors. 
Disregarding  risk,  use  of  discounted -cash-flow  has  the 
advantage  of  showing  the  effect  of  time  on  earnings  and 
accurately  reflects  how  various  ways  of  handling  the 
investments  will  affect  the  economics  (3). 

In  this  method  rate-of-retum  is  defined  as  that 
interest  rate  that  will  cause  the  sun  of  the  present 
worths  of  the  cash-flows  over  the  life  of  a project  to 
equal  zero  (25).  The  basic  equation  for  the  rate-of- 
retum  calculation  isi 

Rate  of  Return  = J NETCASHF  = o (3.1) 

^ (1  + i)® 

m=0 
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whe  re  t NETCASHF 

i 

N 

m 


the  cash  flow  after  taxes  for 
year  m 

the  rate-of-return 

the  life  of  project 

the  year  of  investment  or  income. 


In  what  follows,  the  method  for  determining  a value 
for  net  cash  flow  after  taxes  for  each  year  is  outlined. 

The  calctilations  begin  with  the  quantity  of  oil  produced. 
This  figure  is  labeled  the  gross  oil  production,  but  this 
generally  does  not  all  belong  to  the  producer  because  in 
most  cases  the  producer  does  not  own  the  mineral  rights 
and  it  is  necessary  to  make  a lease  contract  for  the  right 
to  drill  the  wells.  A royalty  must  be  paid  which  is  the 
interest  of  a party  in  miner^s  in  the  ground  where  another 
party  (the  working  interest)  has  gained  the  right  to  capture 
such  minerals  (3).  The  land  owner's  royalty  is  normally 
12.5  percent  of  the  gross  production,  thus,  the  working 
interest  or  net  oil  production  is  given  byi 

NOPROD  = 7/8  X GOPROD  (3-2) 

wherei  NOPROD  = the  net  oil  production 

GOPROD  = the  gross  oil  production. 

When  the  NOPROD  is  known,  the  gross  income  (GINCOME) 
of  the  working  interest  can  be  defined  as  the  price  of  oil 
times  the  NOPROD  and  is  given  by  equation  3.3* 
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GINCONE  = PRICE  * NOPROD  (3.3) 

wheret  GINCOME  = the  gross  incone 
PRICE  = the  price  of  oil 
NOPROD  * the  net  oil  production. 

At  this  point  in  the  cash  flow  analysis,  the  invest- 
ments and  cost  must  be  defined.  Investments  and  costs  are 
normally  divided  into  five  different  categories  with  each 
being  subdivided  into  intangible  costs  and  capitalized 
cost.  This  can  be  visualized  as  in  the  following  table. 

TABLE  1 

SUMMARY  OP  TAX  TREATMENT 

CATEGORY  OF  COST 

I.  Site  Preparation 

A.  Intangible  drilling  and 
development  cost. 

Leasehold  cost 

B.  Tangible  cost 

II.  Drilling  and  Completion  Cost 

A.  Intangibles 

B.  Tangible 

III.  Producing  equipment  (Tangibles) 

IV.  Gathering  equipment  (Tangibles) 

V.  Lease  equipment  (Tangibles) 

VI.  General  and  Administrative  Cost 

VII.  Lifting  cost 


TAX  TREATMENT 

Expensed 

Capitalized 

Expensed 

Capitalized 

Capitalized 

Capitalized 

Capitalized 

Expensed 

Expensed 
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For  the  purpose  of  this  work*  there  was  an  addi- 
tional consideration  relative  to  the  method  of  handling 
the  chemical  cost.  The  question  was  whether  chemical 
costs  should  be  capitalized  or  expensed.  Apparently*  no 
final  decision  has  yet  been  made  on  this  question  by  the 
Internal  Revenue  Service.  The  sensitivity  of  the  project 
economics  to  the  method  of  handling  these  costs  was 
investigated.  Once  these  costs  are  determined*  expensed 
costs  in  any  taxable  year  can  be  calctilated  using  equation 
3.4i 

EXPENCST=LEASHCST  + INTANG  + LIPTCST  + GACST  + CHEMCST  (3.^) 

where I EXPENCST  = the  expensed  cost 

LEASECST  = the  leasehold  cost 

INTANG  = the  intangible  costs  are  those  costs 
of  operating  and  development  that 
have  .no  salvage  value 

LIPTCST  = the  lifting  coat 

GACST  = the  general  and  administrative  cost 

CHEMCST  = the  chemical  cost  if  expensed.  If 
chemicals  are  capitalized*  this 
value  would  be  zero. 

Then*  by  subtracting  the  expensed  cost  (EXPENCST) 


from  the  Gross  Income  (GINCOME)*  the  gross  income  before 
taxes*  depletion*  and  depreciation  can  be  determined  by 
the  following  equationi 
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GIBTDD  = GINCOME  - EXPENCST  (3.5) 

wherei  GIBTDD  = the  gross  income  before  taxes 

depletion  and  depreciation 

GINCOME  = the  gross  income 
EXPENCST  = the  expensed  cost 

At  this  stage  in  the  cash  flow  calculation,  depreci- 
ation is  applied  using  one  of  the  Internal  Revenue  Service* s 
accepted  methods.  There  are  four  main  methods  used.  In 
application  by  industry,  the  tendency  is  to  use  the  methods 
which  '•write  off*  the  investment  most  rapidly.  Straight 
line  depreciation  (20)  is  defined  by  equation  3.6i 

SLD  = TANGI  - SALVAGE  ^3 

wherei  SLD  = the  straight  line  depreciation  charge 
TANGI  = the  capitalized  tangible  investment 
SALVAGE  - the  salvage  value 

n » the  estimated  useful  life  of  the 
tangible  investment,  years. 

The  straight  line  method  is  the  oldest,  simplest,  and 
most  generally  used  method  of  computing  depreciation.  If 
intangible  costs  are  capitalized,  they  can  only  be 
depreciated  by  this  method.  It  is  permissible  to  apply 
this  method  to  either  new  and/or  used  equipment  or  facili- 
ties (20). 
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Sum-of-the-years-digits  method  of  depreciation  permits 
an  accelerated  depreciation  during  the  early  life  of  the 
project  (20).  In  general,  it  is  only  applied  to  sin^e 
asset  accounts.  The  equation  used  for  applying  this  method 
of  depreciation  ist 

SYOD  - ^ 

(n^  + n)/2  0.7) 

where I SYCD  = the  sum  of  the  years  digits 

Diff  = the  difference  between  the  original 
cost  and  the  salvage  value 

NN  = the  remaining  useful  life  in  years 
at  beginning  of  taxable  year 

n = the  estimated  useftil  life  of  the 
facilities  in  years. 

The  calculation,  given  by  equation  3.7,  is  done  by  multiply- 
ing the  tangible  investment  by  the  life  of  the  investment 
minus  the  depreciable  year  and  then  dividing  by  the  sxun  of 
the  years  up  to  the  depreciable  life  (8). 

A third  method  of  depreciation  is  double  declining 
balance.  The  double  declining  balance  method  does  not 
consider  salvage  value  in  the  calculations.  This  method 
is  generally  felt  to  be  more  "in  line"  with  oil  production 
facilities  than  straight  line  depreciation.  The  maximum 
rate  of  depreciation  under  this  method  cannot  exceed  2009t 
of  the  straight  line  rate.  This  depreciation,  once  it  is 
set,  cannot  be  changed  in  the  declining  balance  method 
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unless  the  Internal  Revenue  Service  has  given  its  con- 
sent (20).  The  equation  used  to  calculate  double  declining 
balance  depreciation  ist 


DDB  **  ^•.29. 

n 


(3.8) 


where I DDB  > the  double  declining  balance 
depreciation  charge 

Diff  the  difference  between  the  initial 
investment  and  the  cumtilative 
depreciation  charge,  i.e..  the 
undepreciated  balance 

n » the  depreciable  life. 


It  is  noted  that  the  double  declining  balance  method 
will  not  depreciate  an  asset  to  a zero  value. 

The  last  method  considered  is  double  declining  balance 
with  conversion  to  straight  line.  In  this  method,  equation 
3.8  is  applied  and  at  the  point  where  the  quantity  depreciated 
is  less  than  that  calculated  using  straight-line  depreciation, 
the  method  is  switched  to  equation  3.6  for  the  remaining 
years.  This  is  the  most  accelerated  method  of  depreciation 
and  it  is  used  to  maximize  the  rate -of -re turn.  Once  this 
switch  has  been  performed,  a change  of  method  back  to 
double  declining  balance  cannot  be  made  (20). 

Once  the  depreciation  charge  is  calculated,  the  net 
income  before  state  and  federal  Income  tax  can  be 
determined  (NIBFSIT).  The  equation  used  isi 
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NIBPSIT  » OIBTDD  - DEPHSHUN  (3-9) 

where I NIBFSIT  « the  net  income  before  federal 

and  state  Income  taixes  and 
before  depletion 

GIBTOD  ■ the  gross  income  before  taxes* 
depreciation  and  depletion 

DEPRSHUN  « the  depreciation  charge  for  the 
year  considered. 

The  tangible  investment  is  also  determined  for  each  year. 

The  total  tangible  investment  cost  (TTICST)  is  equal  to 
the  tangible  investment  during  the  year  plus  any  chemical 
costs  (CHEHCOST)*  if  they  are  capitalized*  and  minus  axiy 
salvage  value  returned  in  that  same  year.  One  of  the 
three  equations  would  apply. 

TTICST  * TANGIBLE  + CHadCOST  - STSALVAG  (3.10) 
TTICST  » TANGIBLE  + CHEMCOST  (3.11) 

TTICST  » TANGIBLE  - STSALVAG  (3.12) 

where I TTICST  * the  total  tangible  invest- 

ment 

TANGIBLE  « the  tangible  investment  in 
the  year  considered 

CHESICOST  » the  chemical  cost  if  capitalized 

STSALVAG  * the  salvage  value  returned 
during  the  year  considered. 
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Congress  modified  the  depletion  allowance  law  making 
percentage  depletion  applicable  only  to  relatively  small 
producers.  In  addition*  a new  taxable  income  limitation 

% 

was  applied  in  the  case  of  small  producers.  To  be  eligible 
for  the  22  percent  statutory  depletion  allowance*  a company 
must  produce  less  than  2000  barrels  per  day.  The  percentage 
t depletion  may  not  exceed  65  percent  of  net  taxable  income 

computed  without  regard  to  the  depletion  allowance  (32). 
Depletion  allowance  is  detezmined  as  follows. 


Fig.  2.  - Calculating  Allowable  Depletion  Allowance 


NIBPSIT  was  defined  by  equation  3.9.  Using  Figure  2 
as  a flow  diagram*  the  cost  depletion  is  detezmined  first 
by  equation  (3.13)i 
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CSTDEPL  * BASIS  ( recUNI'TS  + PRODSCJLD^  (3.13) 

where I CSTDEPL  = the  cost  depletion 

BASIS  * the  uncapitalized  or  non- 

expensed  intangible  expenses 
remaiining  at  the  end  of  the 
tax  period 

PRODSOLD  = the  units  of  oil  sold  during 
the  tax  period 

RECUNITS  » the  recoverable  units  of  oil 
at  the  end  of  the  period. 

The  basis  is  normally  made  up  of  the  leasehold  cost* 
but  since  most  of  the  tertiary  oil  recovery  projects  would 
be  applied  to  secondary  recovery  areas*  leasehold  cost  would 
be  zero.  This  would  result  in  cost  depletion  being  zero  (3). 

The  other  part  of  the  calcTilations  for  determining 
allowable  depletion  is  the  determination  of  percentage 
depletion.  The  net  depletable  income  is  determined  by 
the  equation! 

NDEPl  = .65  X NIBPSIT  (3.1^) 

where!  NDEPl  = the  net  depletable  income 

NIBPSIT  = the  net  income  before  federal  and 
state  taxes. 

The  third  equation  used  for  calculating  allowable  depletion 
is  to  determine  22^  of  gross  income  (GINCOME).  This  is 
the  last  equation  necessary  to  complete  the  flow  of 
Figure  2. 
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PERCENTG  B .22  X GINCOME  (3.15) 

wherei  PERCENTG  » the  percentage  of  gross 

income 

GINCOME  » the  gross  income. 

Now  the  smaller  value  of  NDEPI  or  PERCENTG  will  equad  per- 
centage depletion  (PERDEPL).  The  greater  of  cost  depletion 
(CSTDEPL)  and  percentage  depletion  (PERDEPL)  will  equal  the  | 

allowable  depletion  (ALDEPLA). 

State  income  taxes  must  be  determined  next.  The  State  > 

of  Kansas  has  a law  that  allows  the  tangible  investments 
in  tertiary  recovery  projects  to  be  amortized  over  a 
twenty-four  month  period  (1).  This  bill  (House  Bill  2694) 
became  a Kansas  law  in  1976.  This  law  is.  applied  to 
determine  the  income  for  state  taxes.  A straight  line 
depreciation  method  is  utilized  applying  equation  3.6  for 
only  a two  year  life  period  per  investment  category.  This 
value  is  subtracted  from  gross  income  before  taxes*  depre- 
ciation* and  depletion.  This  equation  ist 

TAXING  = GIBTDD  - STAMORTS  (3.16) 

■ wheret  TAXING  ^ the  taxable  income  for  state 

' taxes 

GIBTDD  s the  gross  income  before  taxes* 
depreciation  and  depletion 

STAMORTS  * the  amortization  of  tangible 
investments*  computed  using  a 
two-year  straight  line  depre- 
ciation. 
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Once  a taxable  Income  Is  determined*  then  the  state  tax 
factors  can  be  applied.  The  state  tax  schedule*  INC  Form 
120S  for  small  business  corporations  has  a normal  tax 
factor  of  4^  and  an  additional  surtax  of  for  all 
income  over  $25*000  (33).  State  income  tax  is  then  deter- 
mined by  the  equation! 

STITAX  = .045  X 25*000  + .0675  x (TAXING  - 25*000)  (3.17) 

where!  STITAX  = state  income  tax 
TAXING  “ taxable  income. 

To  complete  the  determination  of  net  cash  flow*  federal 
Income  taxes  must  be  determined.  The  federal  taxable  income 
is  calcvilated  by  using  the  results  of  equations  3.9»  3.17 
and  allowable  depletion  (20). 

The  equation  used  is! 

PEDTAXIN  = NIBPSIT  - ALDEPL  - STITAX  (3.18) 

where!  PEDTAXINC  = the  federal  taxable 

income 

NIBPSIT  = the  net  income  before 
taxes  and  depletion 

ALDEPL  - the  allowable  depletion 

» 

STITAX  = the  state  income  tax. 


Then  federal  income  tax  is  equal  to  48?5  at  the  federal 
taxable  income  (17).  The  equation  used  isi 


PEDINTAX  » PS)TAXIN  x .48 


(3.19) 


wheret  PEDINTAX  « the  federal  Income  tax 

PEDTAXIN  * the  federal  taxable 
Income. 

All  equations  must  be  applied  unless  depletion  allowance  Is 
not  considered  and  then  a value  of  zero  Is  Inserted  for 
depletion  allowance.  The  results  of  a present  worth  calcu- 
lation are  shown  In  Appendix  P.  All  of  the  above  equations 
are  applied  on  a yearly  basis  and  then  equation  3.1  Is  used 
to  determine  a DCP-rate-of-retum. 

PRODUCTION  DATA 

In  trying  to  develop  a set  of  data  that  was  •’typical* 
of  a Kansas  eastern  field*  the  approach  used  was  to  search 
out  published  data*  call  directly  to  operators*  and  make 
direct  field  visits. 

Oil  and  fluid  production  data  required  for  the  calcu- 
lations were  derived  using  the  model  of  the  micellar  process 
developed  by  Shetlar  (31).  The  model  is  a "first  pass*  plug 
flow  simulation  which  was  patterned  after  the  Higgins  and 
Leighton  waterflood  model  (19).  The  data  for  Shetlar's 
model  were  obtained  from  a study  of  the  *E1  Dorado  Micellar- 
Polymer  Demonstration  Project**  by  Cities  Service  Oil 
Company  and  the  United  States  Energy  Research  and  Develop- 
ment Administration  (ERDA)  (29).  The  assumed  injection 


project  for  thia  study  was  a hypothetical  650-acre  portion 
of  the  6400  acres  in  the  El  Dorado  field.  An  inverted  5 
spot  on  a 5“acre  spacing  was  used  as  the  development 
pattern.  The  pattern  layer  and  spacing  used  in  the  calcu- 
lation employed  128  injection  wells  and  153  production 
wells.  Table  2 provides  a summary  of  data  input  parameters. 

These  data  for  this  example  calculation  were  formulated 
in  the  following  fashion.  Oil  viscosity,  water  viscosity, 
porosity,  initial  oil  saturation  and  relative  permeabilities 
were  obtained  from  weighted  averages  provided  by  Cities 
Service  Oil  Company  (29)  and  confirmed  by  Pusch  (26)  from 
both  core  and  log  analysis.  Figure  3 shows  the  relative 
permeabilities  to  oil  and  water  used.  The  value  for 
pressure  drop  in  the  injection  process  was  calculated 
assuming  a fracture  gradient  of  approximately  .61/ ft  of 
depth  coxild  not  be  exceeded.  Therefore,  for  this  test 
case,  400  psi  was  used  as  the  pressure  drop  from  injection 
wells  to  production  wells.  Shetlar's  (31)  model  requires 
values  of  water  saturation  and  bypassed  water  saturation 
behind  the  micellar  front.  These  data  were  estimated 
using  Davis  and  Jones*  observations  on  macroscopic  flow 
behavior  in  core  lab  tests  (5)«  For  more  precise  estimates, 
the  fractional  flow  of  oil  and  the  leaky  piston  equations 
can  be  applied  (18).  The  sizes  of  the  micellar  and  polymer 
slugs  were  based  on  laboratory  experience  reported  in  the 
literature  (13). 


TABLE  2 


SUMMARY  OP  INPUT  DATA  FOR  THE  SIMULATION 
MODEL  OP  THE  MICELLAR  PROCESS 


Oil  Viscosity,  cp 

4.77  cp 

Water  Viscosity,  cp 

1.02  cp 

Pressure  Drop,  psi 

400  psi 

Absolute  Permeability,  md. 

200  md 

Porosity 

0.262  Fraction 

Initial  Oil  Saturation 

0.28  Fraction 

Bypassed  Water  Saturation 

0.20  Fraction 

Bypassed  Water  Saturation  after 
Water  Invasion 

0.30  Fraction 

Design  Micellar  Slug  size 

0.10  Pore  Volumes 

Design  Polymer  Sltig  Size 

0.70  Pore  Volumes 

Convergence  Criteria 

0.00001 

Number  of  Channels 

4 

Number  of  Cells 

40 

Non  Linear  Indicator 

0 

Equivalent  Viscosity 

7.6173  cp 

Bulk  Volumes  of  each  Channel 

#1 

#2 

#3 

#4 

6090.2325  ft^ 
6746.355  ft3 
7917.030  ft^ 
6471.383  ft^ 

Equivalent  Mobility  of  Micellar 

.13128  cp“^ 

Equivalent  Mobility  of  Polymer 

Batch  #1 

Batch  #2 

Batch  #3 

. 66250"^  T 
.08333  cp'i, 

0.12500  cp  ^ 

Design  Water  Volume 

0.0800  pore  volumes 

Multiplicative  Factors 

152.00  ft. 

30 


TABLE  3 


RELATIVE  PERMEABILITIES 
WATER  SATURATION 
TOTAL  RELATIVE  MOBILITIES 
AND  EQUIVALENT  VISCOSITIES 


R 

ro 

K 

rw 

1.00000 

0.00001 

0.85000 

0.00040 

0.78000 

0.00800 

0.67000 

0.02000 

0.57000 

0.03400 

0.48000 

0.04500 

0.40000 

0.05800 

0.31000 

0.07000 

0.27000 

0.07700 

0.21000 

0.08900 

0.17500 

0.09900 

0.12500 

0.11000 

0.10000 

0.12000 

0.07500 

0.13000 

0.04800 

0.14800 

0.03300 

0.16000 

0.02100 

0.18500 

0.01350 

0.20000 

0.00650 

0.22500 

0.00330 

0.25000 

0.00076 

0.28000 

0.00001 

0.30000 

S 

w 

X 

Total 

Relative 

Mobility 

1/cp 

25.00 

0.2096530 

27.29 

0.1885890 

29.59 

0.1713650 

31.88 

0.1600690 

34.18 

0.1528300 

36.47 

0.1447460 

38.77 

0.1407200 

41.06 

0.1336169 

43.36 

0.1320939 

45.65 

0.1312800 

47.95 

0.1337464 

50.24 

0.1340480 

52.54 

0.1386114 

54.83 

0.1431740 

57.13 

0.1551600 

59.42 

0.1637809 

61.72 

0.1857750 

64.01 

0.1989086 

66.30 

0.2219509 

68.60 

0.2457890 

70.90 

0.2746690 

72.00 

0.2941190 

Equivalent 

Viscosities 

cp 

4.769 

5.302 

5.835 

6.247 

6.543 

6.908 

7.106 
7.484 
7.570 
7.617 
7.477 
7.460 
7.214 
6.984 
6.445 

6.106 
5.383 
5.027 
4.505 
4.068 
3.640 
3.399 


TABLE  4 


TEST  CASE  #1.  650  Acre  Micellar-Polymer 

Slug  Process  for  the  Devel- 
opment of  Basic  Economic  Input 
Parameters 


FIELD  DATA: 


Location 

« 

South  Central  Butler  County,  Kansas 

Field 

Producing 

El  Dorado 

Sand 

■ 

El  Dorado  Shallow  (Admire) 

Area 

- 

650  Acres,  developed  on  5 acre  spacing 

Average 

Thickness 

19  feet 

Porosity 

Initial 

Oil 

26.2  percent 

Satura- 

tion 

28.0  percent 

Pattern 

a 

Inverted  5 spot 

Injection 

Wells 

s 

128 

Production 

Wells 

as 

153 

Depth 

m 

650  feet 

FLUID  INJECTION  DATA: 


Micellar  Solution  Slug 
Mobility  Buffer 
Batch  size  of  polymer 

n 

»3 

Water  Injection 


8 percent  of  pore  volume 
70  percent  of  pore  volume 


20  percent 
20  percent 
30  percent 
80  percent 


of  400  ppm 
of  250  ppm 
of  100  ppm 
of  pore  volume 
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WATER  SATURATION,  PERCENT  PORE  SPACE 

Fig.  3 - Relative  Permeability  Fraction  Versus  Water 

Saturation 
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A four  channel*  40  cell  non-linear  system  was  used 
in  the  flow  model.  Shetlar  used  .00001  as  a convergence 
tolerance  and  the  case  reported  here  was  run  using  the 
same  criterion.  Each  channel  volume  was  calculated  using 
equation  3 >20. 


Bulk  Volume  = 


Pattern  Size (Acre)  x 45560  ft  /Acre  x Unit  Thickness 
Number  of  pattern  elements 


_ , 5 acre  x 43560  ft  /acre  x 1 ft^ 

Channel  #1  Bulk  Volume  = g (.2237) 


(3.20) 


Channel  #1  Bulk  Volxjme  = 6090.2325  ft' 


The  value  .2237  is  the  fraction  of  the  total  bulk 
volume  occupied  by  channel  one.  The  other  channel  vol times 
are  determined  in  a corresponding  manner. 

The  next  task  was  to  determine  the  equivalent  viscosity 
that  would  provide  a "safe**  mobility  ratio  to  reduce  the 
possibility  of  fingering  during  the  displacement  process. 

The  total  relative  mobility  was  determining  using  the 
equations 

Total  Relative  Mobility  “ ^ro  + ^rw  (3.21) 

y y 

o w 

where t “ the  mobility  of  oil 

^rw^^w  “ mobility  of  water. 
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The  total  relative  mobility  can  be  calculated  as  a 
function  of  water  saturation  when  relative  permeabilities 
are  available.  The  minimum  in  this  value  is  used  aa  the 
design  mobility  of  the  micellar  slug  and  polymer  buffer 
so  that  mobilities  of  the  micellar  solution  and  the  mobility 
bank  are  equal  to  or  less  than  the  oil-water  mobility  (3^). 
This  value  is  equal  to  the  reciprocal  of  equivalent 
viscosity.  The  determined  values  of  the  relative  mobility 
are  listed  in  Table  3.  Figure  4 is  a graphical  presen- 
tation of  total  relative  mobility  versus  water  saturation. 

It  should  be  noted  that  equivalent  viscosity  is  equal  to 
resistance  factor  in  polymer  flow.  The  equation  used  to 
determine  resistance  factor  Isi 


RP 


(3.22) 


where  I RP  = the  resistance  factor 

Kr^/^w  “ relative  mobility  of  water 
Krp/vip  * the  relative  mobility  of  polymer. 

Schurz  (30)  provided  a graphical  presentation  of 
resistance  factor  as  a function  of  polymer  concentration. 
Using  Figure  5 and  the  stipulation  that  three  batches  of 
polymer  were  desired  for  injection,  the  concentrations 
of  polymer  batches  were  determined.  These  concentrations 
were  estimated  at  400  ppm,  250  ppm  and  100  ppm  which  are 


A 


RESISTANCE  FACTOR,  cp 
EQUIVALENT  VISCOSITY,  cp 


% 


Fig.  5 - Resistance  Factor  and  Relative  Viscosity  to  Brine 

at  HPAM-700  (30) 
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all  above  the  minimum  resistance  factor  of  7.617.  At 
this  point*  a decision  was  made  to  set  the  polymer  batch 
sizes  at  20*  20  and  30  percent  pore  volume  giving  an  overall 
polymer  slug  size  of  70  percent  of  a pore  volume.  This 
has  a definite  effect  on  the  economics  and  efficiency  of 
the  process. 

The  water  injection  behind  the  mobility  buffer  was 
put  at  809(  of  a pore  voltone.  This  could  be  controlled 
during  actual  operation  since  it  is  performed  as  the  last 
phase  of  the  project.  Water  injection  would  then  be  dependent 
upon  the  production  economics. 

One  other  data  input  to  the  model  was  a multiplicative 
factor  to  control  oil  recovery.  In  the  model  100%  oil 
recovery  occurs  at  points  reached  by  the  micellar  slug  and 
therefore*  to  be  realistic*  the  production  was  reduced  to 
efficiencies  of  40*  50*  and  60  percent  recovery.  Chapter  4 
includes  a discussion  of  the  effects  of  different  recovery 
efficiencies.  The  model  is  designed  to  compute  recovery 
for  one  pattern.  Multiple  pattern  results  are  obtained  by 
simply  mtiltiplying  model  results  by  the  number  of  patterns. 

ECONOMIC  DATA 

The  economic  data  used  in  the  economic  model  were 
obtained  by  direct  phone  conversations  and  letters  to 
drilling  companies  operating  in  Kansas.  Published  cost 
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data  by  the  U.S.  Bureau  of  Mines  (7)»  published  inflation 
factors  by  Lewin  Associates  Inc.  (22)  and  direct  contact 
with  oil  operators  were  used  to'  justify  cost  data.  Table  4 
siiirnnarizes  the  input  field  and  fluid  injection  data.  Table 
5 summarizes  the  economic  data  as  applied  to  this  model. 
Gogarty's  (14)  presentation  provided  some  unit  cost  data 
for  the  handling  of  the  micellar  slug  auni  polymer  and 
water.  Treating  costs  were  obtained  from  the  Tretolite 
Company  in  St.  Louis*  Missouri.  The  price  of  oil  was  taken 
as  $11.90*  but  the  model  is  capable  of  applying  variable 
prices.  The  lifting  cost  was  set  at  3*2  cents  per  barrel 
of  total  fluid  produced.  The  general  and  administrative 
costs  were  calculated  at  $70  per  well/month  and  applied 
to  the  total  fluid  quantity  produced. 

It  should  be  noted  that  if  comparisons  are  made  between 
these  cost  data  and  Gogarty's  (14)*  the  main  differences 
are  chemical  costs  for  micellar  and  polymer.  In  Gogarty’s 
paper*  these  are  based  on  inter-company  transfer 
pricing  (2) . 

ECONOMIC  PROGRAM 

Specifics  of  the  computer  program  reported  in  this 
thesis  are  presented  in  the  appendices.  Appendix  B lists 
the  variable  names  and  defines  each  used  in  the  program. 

A listing  of  the  FORTRAN  program  and  subroutines*  with 
the  exception  of  the  plot  routines  which  are  a part  of 


TABLE  5 


BASIC  ECONOMIC  INPUT  PARAMETERS 
DEVELOPMENT  OF  650  ACRES  OF  THE  EL 


FOR  THE 
DORADO  FIELD 


CONDITIONS: 

1975  - 1976  Costs  and  Prices 

Application  of  Levins  (22)  Inflation  Factors 

FIELD  COSTS: 


Tangibles 

Intangibles 

Total 

Plant 

$585,000 

$195,000 

$780,000 

Production  & 

Development 

Cost 

780,000 

390,000 

1,170,000 

Drilling  and 

Completion 

Costs 

1,351,610 

2,301,390 

3,653,000 

UNIT  COSTS: 


Crude  oil  price  = 

Micellar  solution  slug  * 
Slug  Injection  Expense  = 
Polymer  = 

Batch  @ 400  ppm  = 

Batch  @ 250  ppm  = 

Batch  @ 100  ppm  = 

Polymer  Injection 
Expense  = 

Water  Injection 
Expense  * 

Lifting  Costs  = 

Water  Disposal  Expense  > 
Treating  Expense  * 


$11.90/bbl  and  a variable 

$8.50/bbl 

18.4c/bbl 

$2. 00/lb 

28c/bbl 

17.5c/bbl 

7d/bbl 

4.1C/bbl 

2.6c/bbl  (Includes  purchase  price) 
3.2c/bbl  of  total  fluid  produced 
2.6c/bbl 

41.5c/bbl  of  oil  produced  during 
production  of  micellar  or  polymer 
solutions 


ROYALTY  AND  TAX  DATA: 
Royalty 

Income  tax  - Federal 
State 


12.5  percent 
48  percent 
6.75  percent 
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the  University  of  Kansas  program  library,  is  given  in 
Appendix  C.  Appendix  D provides  an  explanation  of  the 
input  variables  and  card  formats.  Results  of  a test  run 
are  presented  in  Chapter  4 and  output  is  in  Appendix  F. 

A simplified  Flow  Chart  is  presented  in  Figure  6. 

The  program  is  designed  to  receive  input  data  from  a 
production  decline  curve  or  a simtilation  model  of  the 
micellar  slug  process.  For  the  test  case  used  here,  the 
input  data  of  gross  oil  production,  micellar  slug  quantity 
injected  and  polymer  quantity  injected  in  the  test  case 
were  obtained  using  the  model  designed  by  Shetlar  (31)  as 
previously  described. 

The  program  has  eight  different  switches  which  allow 
the  user  to  look  at  the  effect  of  capitalizing  or  expensing 
chemicals,  types  of  depreciation,  application  of  depletion 
allowance  auid  price  variation.  The  program  allows  for 
tangible  investments  to  be  made  in  any  year  and  also  to 
have  depreciable  lives  of  5,  10,  15,  20,  and  25  years. 

If  the  chemical  code  (CHEM)  is  1,  the  micellar  slug 
and  polymer  injected  are  expensed  in  the  program.  For 
this  case,  expense  cost  would  be  the  siun  of  lifting  costs, 
chemical  cost,  general  and  administrative  cost,  and  in* 
tangible  cost.  If  (CHEM)  code  is  2,  the  micellar  slug  and 
polymer  injected  woxild  be  capitalized  and  considered  as  a 
tangible  cost.  This  option  on  handling  of  chemicals  is 
provided  because  an  Internal  Revenue  Service  decision  as 


/ IF  \ 

Chemical  code 

V EQUAL  2 


^ IF  ^ 
PRICE  CODE 
w EQUAL  1 


FIGURE  6.  Simplified  Flow  Chart  for  the 
Computer  Program 
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CALCULATE  A TAXABLE  INCOME 


IF 

A SIGN  \ 
CHANGE  FROM  PRE- 
CEDING CUMULATIVE 
PRESENT 
WORTH 


IF 

NO  SIGN 

CHANGE  IN  ^ 
CUMULATIVE  PRESET 
\ WORTHS 


CALCULATE  A RATE  OF  RETURN 


WRITE  RATE  OF  RETURN 
GREATER  THAN  50 
PERCENT  OR  LESS 
THAN  ZERO 


/ IF  \ 
PRICE  CODE 
NOT  EQUAL 
2 
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to  the  tax  treatment  of  injected  chemicals  has  not  been 
finalized.  The  method  of  handling  chemicals  for  tax  purposes 
is  an  important  question.  Tangible  costs  are  those  costs 
that  have  a salvage  value.  It  is  generally  believed*  at 
this  point  in  the  technology  development*  that  chemicals 
Injected  into  a reservoir  have  no  salvage. 

A second  code  (PRICECD)  is  used  to  allow  the  program 
to  switch  to  alternate  calculation  procedures.  Price 
Code  1 will  cause  the  program  to  compute  a present  value 
profile  for  a set  oil  price.  A price  code  of  2 will  cause 
the  program  to  calcxilate  the  price  at  which  oil  must  be 
sold  to  obtain  a specified  rate-of-retum.  The  derivation 
of  the  equation  used  in  calculating  the  price  to  reach-  the 
desired  rate-of-retum  is  shown  in  Appendix  A. 

A third  switch  is  a depreciation  code  (DEPCODE).  This 
code  causes  the  program  to  cad.1  a certain  depreciation  sub- 
routine. A switch  value  of  1 calls  the  straight-line 
depreciation  method.  It  provides  for  an  equal  yearly 
recovery  of  any  one  tangible  investment  during  its  life 
(20*  27).  A depreciation  code  of  2 causes  the  program  to 
call  a subroutine  which  uses  the  sum-of-the-years-digits 
depreciation  method.  This  method  is  somewhat  more  accelerated 
in  depreciation  rate  than  straight  line  depreciation.  A 
depreciation  code  of  3 calls  the  double-declining-balance 
subroutine.  This  method  of  depreciation*  in  essence* 
doubles  the  rate  of  depreciation  for  the  undepreciated 
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value  of  the  investment.  It  never  depreciates  the  asset 
to  a zero  value.  Therefore*  if  in  the  last  year  of  the 
depreciable  life*  the  salvage  value  is  considered  to  be 
zero*  the  remaining  undepreciated  value  is  written  off  (3)* 

When  the  depreciation  code  is  4*  the  progz^  calls  the 
double  declining  balance  method  with  conversion  to  straight 
line  depreciation.  This  subroutine  performs  the  calculation 
by  initially  using  double  declining  balance.  When  the 
double  declining  balance  is  less  than  straight  line  depre- 
ciation* then  straight  line  depreciation  is  applied.  Once 
conversion  is  applied  for  that  investment*  double  declining 
balance  cannot  be  reapplied  (29).  Equations  for  these 
different  methods  of  depreciation  are  3.6,  3»7»  and  3.8. 

The  next  switches  considered  in  the  program  are  de- 
pletion codes  (DEPLCODE).  This  allows  for  percentage 
depletion  allowance  to  be  applied  or  disregarded.  A 
switch  value  of  1 causes  depletion  allowance  to  be  applied 
and  a code  2 resxilts  in  the  calculation  being  bypassed. 

Cost  depletion  is  considered  in  all  cases  to  recover  any 
leasehold  cost  Incurred  by  the  developer.  < 

The  program  next  calculates  state  income  tax.  It  is 
based  on  a tax  factor  applied  to  the  gross  income  before 
taxes*  depletion  and  depreciation  minus  the  tangible  j 

investment  amortization  over  a twenty-four  month  period. 

i 

The  factors  applied  are  .045  for  taxable  income  less  j 

than  25*000.00  and  .0675  for  taxable  income  over 
$25*000.00  (33). 

I 

J 


M 
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Federal  taxable  Income  is  then  determined  and  a tax 
factor  of  48  percent  is  applied.  Then*  net  cash  flow  is 
the  restilt  of  the  algebraic  sum  of  gross  income  less 
expense  cost*  leasehold  cost*  total  tamgible  cost*  state 
taxes  and  federal  taxes  for  any  tax  accounting  year. 

Present  worth  of  the  yearly  cash  flows  is  then  calcu- 
lated using  interest  rates  of  5 to  50  percent  in  5 percent 
increments.  The  discount  factor  for  each  year  is  determined 
by  applying  the  single  payment  present  worth  factor  (12). 
This  equation  isi 

DCF  » 1/(1  + i/100)™  (3.23) 

wherei  DCF  = Discount  Factor 

i » discount  interest  rate  in  percent 
m « the  year  of  tax  accounting 

and  is  a segmental  part  of  equation  3>1.  In  the  program 
this  factor  is  multiplied  times  the  net  cash  flow  for  the 
year.  Cumulative  sums  of  the  present  worths  at  the  end 
of  the  project  life  are  calculated.  The  project  rate-of- 
return  is  determined  by  assuming  that  the  rate-of-retum 
lies  between  zero  and  50  percent.  Present  worth  values 
at  the  different  discount  rates  are  examined  to  determine 
if  a sign  change  from  plus  to  minus  occurs.  If  no  sign 
change  occurs*  then  the  rate  printed  out  is  zero*  which 
simply  indicates  that  the  value  is  not  between  zero  and 

5095. 


Subroutines  Summary  and  Output  are  used  to  summarize 
the  input  data  and  provide  a present  worth  profile.  A 
plot  routine,  M15A,  is  called  from  the  University  of  Kansas 
program  library  to  plot  present  value  (dollars)  versus 
discount  rates.  If  a price  code  of  2 is  used,  subroutines 
Heading  and  Writeout  are  used  to  summarize  the  data  input 
and  to  output  price  as  a function  of  rate-of-return.  Also, 
subroutine  M15A,  University  of  Kansas  program  library,  is 
used  to  plot  price  (dollars)  versus  rate  of  return  (percent). 


CHAPTER  4 


MODEL  APPLICATION  AND  RESULTS 

This  computer  model  was  applied  to  a general  test  case 
that  is  considered  representative  of  an  oil  field  in  Kansas. 
Input  data  and  output  are  shown  in  Appendix  F for  the  eco- 
nomic model  resxilts  and  Appendix  G for  the  micellar  slug 
simulation.  Detailed  results  of  the  economic  model  calcu- 
lations are  in  Appendix  H and  summaries  of  these  are  shown 
in  Figures  9-14.  A total  of  thirty-nine  cases  were  run 
for  different  combinations  of  the  options  available  in  the 
model.  Variations  of  the  simulation  model  by  Shetlar  (31) 
were  held  to  a minimum.  The  absolute  permeability  was 
varied  from  499  rod  to  50  rod  in  different  runs.  However, 
economic  calc^ations  were  performed  only  for  the  case  of 
200  md  permeability.  All  calcudation  results  shown  are  on 
an  after-tax  basis. 

Figure  7 gives  the  results  of  application  of  Shetlar* s 
(31)  model.  It  shovdd  be  kept  in  mind  that  the  rates  are 
baaed  on  a constant  pressure  drop  between  injection  and 
production  wells.  One  area  of  concern  was  the  behavior 
of  the  simulation  model  when  water  injection  began.  A 
constant  or  lower  rate  was  obtained  while  remaining  at 
constant  pressure.  Normally,  it  would  be  the  expectation 
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Micellar 


Fig.  7 - Projected  Injection  and  Production  Rates  at 

Constant  Pressure  Drop,  650-Acre  Micellar 
Recovery  Project  in  Kansas 


OIL  PRODUCTION  RATE,  bbls/day 
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that  the  water  injection  rate  would  increase  to  maintain 
a constant  pressure.  This  was  not  the  case  and*  therefore* 
it  is  felt  that  the  simulation  model  has  some  fallacies. 

An  effort  was  not  made  to  determine  the  problem  in  the 
program  as  the  impact  on  the  economics  of  this  error  is 
expected  to  be  minimal. 

Figure  8 shows  three  different  production  curves  which 
were  used  as  the  basis  for  the  economic  calculations. 
Tertiary  oil  recoveries  of  207»  258  and  310  barrels  per 
acre-foot*  which  correspond  to  percentage  recovery  effi- 
ciencies of  40^*  509(  and  60^  respectively*  were  used  to 
make  economic  comparisons. 

Figure  9 shows  the  effects  on  the  economic  calculation 
of  using  different  depreciation  methods.  Figure  9 does 
indicate  that  double  declining  balance  depreciation  methods 
have  a small  advantage  over  sum-of-the-years  digits  and 
straight-line  depreciation  methods  throughout  the 
recovery  range.  However*  for  the  conditions  of  the 
example  used  here*  the  differences  in  rate  of  return  are 
negligible.  In  this  calculation*  chemicals  were  expensed. 

If  they  were  capitalized*  then  the  effect  of  using  different 
depreciation  methods  would  be  mors  pronounced. 

The  economic  model  is  designed  in  such  a way  to  allow 
the  user  to  specify  different  run  conditions.  The  results 
of  applying  some  of  these  different  conditions  are  shown 
in  Figures  10-14.  Also*  Appendix  F provides  a layout  of 
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Tertiary  Oil  Recovery,  bbls/Acre-Ft. 

Fig.  9 - Projected  Economics  for  a 650  Acre  Micellar 

Slug  Process  for  an  Estimated  Development  in 
Kansas.  Projections  Show  Effects  After 
Taxes  of  Recovery  Efficiency  and  Type  of 
Depreciation. 
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tabular  and  graphical  output  of  the  program. 

Figure  10  shows  the  effects  of  handling  chemicals  as 
an  expensed  cost  or  a capitalized  inyestment  at  three 
different  oil  prices.  As  an  example*  under  the  conditions 
of  expensing  of  chemicals*  an  oil  price  of  $14.00  per  barrel 
and  22?C  statutory  depletion*  the  recovery  would  have  to  be 
at  least  255  barrels  per  acre-foot  to  obtain  a rate  of 
return  of  15  percent.  Applying  the  same  conditions*  with 
the  exception  of  capitalization  of  chemicals*  the  recovery 
would  have  to  be  well  in  excess  of  300  barrels  per  acre- 
foot  to  obtain  the  same  rate-of-retum.  Alternatively*  at 
a recovery  of  255  barrels  per  acre- foot  the  price  wotild 
have  to  be  approximately  $19.00  per  barrel.  This  confirms 
Gogarty's  (14)  conclusion  that  the  economics  of  the  micellar 
tertiary  oil  recovery  are  heavily  dependent  on  the  recovery 
rate  and  the  amount  of  oil-in-place  after  water  flooding. 
Figure  11  shows  the  effects  of  applying  22^  versus  0% 
statutory  depletion  allowance.  For  the  ease  of  1595  rate-of- 
return*  chemicals  expensed  and  an  oil  price  of  $14,00  per 
barrel*  the  recovery  must  be  255  barrels  per  acre-foot. 

At  0%  Statutory  depletion  allowance*  the  recovery  must  be 
at  least  310  barrels  per  acre-foot. 

Figure  12  shows  the  effects  of  depletion  application 
but  with  the  chemicals  capitalized.  For  a 15^  rate-of- 
return  and  a price  of  oil  at  $20.00  per  barrel,  the 
recovery  must  be  at  least  248  barrels  per  acre-foot* 
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Fig.  10  - Projected  Economics  for  a 650-Acre  Micellar 

Slug  Process  for  an  Estimated  Development 
in  Kansas.  Projections  Show  Effects  After 
Taxes  of  Capitalization  and  Expensing 
Chemicals  at  22%  Statutory  Depletion 
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Fig.  11  - Projected  Economics  for  a 650-Acre  Micellar 

Slug  Process  for  an  Estimated  Development 
in  Kansas.  Projections  Show  the  Effects  After 
Taxes  of  Statutory  Depletion  While  Chemicals 
Are  Expensed. 
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Fig.  12  - Projected  Economics  for  a 650-Acre 

Micellar  Slug  Process  for  an  Estimated 
Development  in  Kansas.  Projections  Show 
the  Effects  After  Taxes  of  Statutory 
Depletion  While  Chemicals  are  Capitalized. 


with  22^  atatutoxy  depletion  and  capitalization  of  chemicals. 
When  0^  statutory  depletion  allowance  is  applied  under  the 
same  conditions  of  $20 . OO/barrel  for  an  oil  price,  the 
recovery  must  be  295  barrels  per  acre-foot  to  obtain  15 
percent  rate-of-retum. 

Expensing  of  chemicals  is  an  economic  factor  that 
should  be  seriously  considered  by  the  Internal  Revenue 
Service  and  the  United  States  Congress  for  micellar 
tertiary  oil  recovery  processes.  Expensing  of  chemicals 
would  be  an  important  incentive  for  the  investor. 

Figures  13  and  14  show  price  as  a function  of  rate- 
of-retum  when  chemicals  are  capitalized  or  expensed  and 
for  0 and  22  percent  statutory  depletion  respectively. 

These  figures  provide  a quick  view  of  what  the  price  of 
oil  must  be  for  a given  rate-of-retum.  For  example,  if  a 
15  percent  rate-of-retum  is  to  be  realized,  when  chemicals 
are  expensed,  zero  JC  statutory  depletion  exists  and  recov- 
ery is  258  BBLS/acre-foot,  the  price  per  barrel  must  be 
$18.89.  On  the  other  hand,  if  chemicals  were  capitalized, 
price  would  have  to  be  at  least  $25.50*  This  is  about  a 
25  percent  increase  in  price. 

The  effect  on  oil  price  of  the  statutory  depletion 
allowance  is  seen  in  Figure  14.  For  a 15  percent  rate-of- 
return,  with  chemicals  expensed  and  a recovery  of  258 
barrels  per  acre-foot,  a price  of  $14.00  per  barrel  must 
be  realized.  This  result  agrees  very  well  with  Gogarty’s 
(14)  observations. 
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DCF  - RATE-OF-RETURN , % 

Fig.  14  - Projected  Economics  For  a 650-Acre  Micellar 

Slug  Process  for  an  Estimated  Development  in 
Kansas.  Projections  show  the  after  Taxes  Effects 
of  Price  as  a Function  of  Rate-of-Return  for 
Different  Production  Rates  0 22%  Statutory 
Depletion. 
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The  economic  parameters  in  this  test  case  were  1975 
and  1976  costs  with  inflation  factors  applied  as  necessary 
(22).  It  is  the  author's  conception  that  this  test  case 
is  only  the  beginning  of  an  application  for  this  economic 
computerized  model.  All  costs  applied  are  felt  to  be 
representative  of  current  conditions  in  the  oil  fields  of 
Kansas.  The  calculations  leave  no  doubt  that  for  enhanced 
recovery  methods  to  be  utilized  in  a major  way  the  price 
per  barrel  of  oil  must  increase. 

If,  rather  than  a total  field  development,  the  project 
were  developed  on  the  basis  of  flooding  a few  patterns  a 
year,  the  economics  would  be  affected  only  in  a minor  way. 
This  effect  would  be  primarily  in  connection  with  initial 
plant  investment  which  is  approximately  10  percent  of  the 
total  investment  for  a 5 spot  pattern. 

Chemicals  are  a major  concern  in  a micellar/polymer 
tertiary  oil  recovery  project,  because  they  make  up  a large 
percentage  of  the  total  investment  (about  6%  in  the 
example  shown  here) . This  is  where  the  risks  cause 
apprehension  about  the  investment  in  any  micellar  ter- 
tiary oil  recovery  project.  Again,  it  is  felt  that  the 
Internal  Revenue  Service  sho\ild  consider  strongly  the 
allowing  of  chemicals  to  be  expensed  and  that  Congress 
should  consider  tax  incentives  to  replace  the  22^  stat- 
utory depletion  allowance. 


CHAPTER  5 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  objective  of  this  research  was  to  develop  a digital 
computer  model  that  would  perform  an  economic  analysis* 
based  on  the  discount ed-cash- flow,  rate-of-retum  method 
for  the  micellar  process  of  tertiary  oil  recovery.  The 
economic  model  does  not  compute  oil  recovery  rates,  but 
assumes  that  production  data  will  be  provided  from  another 
source  such  as  another  model  or  field  data.  The  program 
was  designed  to  perform  a discounted-cash-flow  rate-of- 
retum  calculation  and  provide  resxilts  in  the  form  of 
graphical  and  tabular  output  of  price  versus  rate-of- 
retum,  summary  of  cash  flow  analysis  and  present  value 
profile.  The  model  is  sufficiently  flexible,  such  that 
with  slight  modification,  other  methods  of  tertiary  oil 
recovery  could  be  analyzed. 

The  major  conclusion  of  this  research  lies  with  the 
indecision  by  the  Internal  Revenue  Service  to  accept  the 
expensing  of  chemicals  for  the  micellar  process  of  tertiary 
oil  recovery.  Capitalization  of  chemicals  with  zero  percent 
depletion  allowance  creates  a totally  uneconomical  invest- 
ment at  present  oil  prices.  A price  of  $25.50  per  barrel 
for  a recovery  of  258  barrels  per  acre-foot  is  necessary 
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to  realize  a 15  percent  rate-of-return  for  the  example 
studied.  Even  applying  the  ZZ%  statutory  depletion  does 
not  improve  the  situation  to  an  acceptable  investment 
venture.  In  this  case,  the  price  of  oil  must  be  $18.89 
per  barrel.  Since  this  is  a high  risk  investment,  in- 
vestors are  often  going  to  desire  rates  of  return  even 
higher  to  offset  possible  failures.  Expensing  of  chemicals, 
rather  than  capitalization,  significantly  improves  the 
rate-of-return  sind  therefore  should  be  implemented. 

Depletion  allovrance  is  still  an  incentive  for  an  in- 
vestment in  enhanced  recovery  methods  of  recovery.  By 
application  of  the  22  percent  depletion  allowance, 
discounted-cash-flow,  rate-of-return  was  increased  by  10- 
15  percent  for  the  example  studied.  Current  tax  laws 
limit  production  to  2000  barrels  per  day,  therefore,  it 
only  allows,  small  operators  to  continue  to  use  depletion 
allowance  and  permit  income-tax-free  replacement  in  place 
of  extracted  production.  The  problem  is  that  enhanced 
methods  of  recovery  are  based  on  field  development  rather 
than  lease  development.  This  automatically  eliminates  the 
small  operators  from  obtaining  this  incentive  of  22  per- 
cent statutoxy  depletion  because  recovery  rates  are  a 
major  criteria  to  economic  success  when  using  micellar 
tertiary  oil  recovery.  Another  conclusion  relates  to 
depreciation.  Even  though  it  is  a minor  influence,  double 
declining  balance  with  conversion  to  straight-line  is  the 
beat  way  to  depreciate  a taingible  investment. 
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The  last  conclusion  is  that  this  program  provides 
results  that  are  in  good  agreement  with  published  data. 

It  is  recommended  that  some  modifications  be  made  in 
the  computer  simulation  model  of  the  micellar  slug  process. 
The  data  output  was  not  as  usable  as  it  might  have  been. 
Only  one  field  pattexn  can  be  modeled.  Therefore*  num- 
erous hand  calctilations  had  to  be  performed  so  that  output 
could  be  extrapolated  to  field-wide  applications.  The 
model  should  show  ctonxilative  productions  and  injection 
output  by  years  as  well  as  days.  There  is  a minor  error 
in  the  summing  of  the  cumulative  values  of  oil  production 
and  toward  100^  production*  the  cumulative  values  decrease. 

A second  recommendation  would  be  to  utilize  the  model 
to  run  additional  example  calculations  so  that  a greater 
sensitivity  of  the  economics  to  the  different  parameters 
could  be  established. 

Finally*  the  economic  model  should  be  '•gene rali zed" 
so  that  other  tertiary  oil  recovery  processes  could  be 
analyzed.  A method  of  updating  costs  should  also  be 
incorporated. 
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A.l 


DERIVATION  OF  AN  EQUATION  TO  DETERMINE 
PRICE  AS  A FUNCTION  OF  RATE  OF  RETURN 

By  definition,  the  first  derivative  of  a straight  line  equation 
is  the  slope  of  that  line.  Using  the  equation 

y « rax  + b m = Slope  (A.l) 

where  b is  the  intercept  when  x = 0 and  x is  the  independent  variable 
and  y is  the  dependent  variable. 

When  a value  of  the  Independent  variable  is  provided,  the  fol- 
lowing relation  holds  (A. 2)  for  determining  the  Independent  variable 
of  a straight  line  equation.  After  assuming  the  first  value  of  the 
dependent  variable  y(l) , then  calculate  the  first  corresponding  inde- 
pendent variable  x(l).  If  x(l)  is  larger  or  smaller  than  the  initial 
Independent  variable  x(0),  an  adjustment  is  made  to  the  first  dependent 
variable  (y(l)  + 1)  and  a second  Independent  variable  is  calculated. 

The  third ' dependent  variable  is  calculated  using  this  equation 

y(3)  = y(l)  - •:  (y(l)  - y(2))  (A.2) 

Transforming  this  equation  into  application  of  the  program  variables, 
the  equation  is  as  follows  only  for  cases  when  KK  is  equal  to  3 or 
larger  and  any  value  of  K,  this  equation  is  used. 

RltPRICEdCK)  - REPRICEOtE-l)  - ^ * 


[RRPRICE(KK-2)  - RRPRlCE(KK-l) ) ] 


Continual  iteration  on  this  equation  provides  a convergence  to  .10  -I 

within  six  to  ten  trials.  “ | 

- 1 


Other  equations  used  In  this  program  are  commonly  accepted  In  the 
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VARIABLES  USED  IN  THE  PROGRAM 


AOEFLA  A variable  name  given  to  the  output  of  the  infor- 

mation as  to  whether  allowable  depletion  is  applied 
to  the  program  and  is  used  in  the  subroutine 
Summary  output. 

ALDEFL  The  allowable  depletion  is  determined  as  the 

Greater  value  between  PERDEPL  and  CSTDEPL,  $. 

BASIS  The  uncapltallzed  or  non-expensed  intangible 

Investments  remaining  at  the  end  of  the  tax 
accounting  period.  (BASIS  » TLESHCST  - SUMADEPL) , 

$. 

CDEP  The  chemical  depreciation  if  the  chemicals  are 

capitalized,  $. 

CHEM  The  chemical  code 

1)  signifies  chemicals  are  expensed 

2)  signifies  chemicals  are  capitalized 

CHEMCOST  The  total  chemical  cost  by  year  and  the  value  is 

only  used  when  chemicals  are  capitalized.  It 
Is  zero  If  chemicals  are  expensed,  $. 

CHEMCST  The  total  chemical  cost  by  year  and  the  value  is 

only  used  when  chemicals  are  expensed.  It  Is 
zero  If  chemicals  are  capitalized,  $. 

CHEMI  A variable  name  given  to  the  output  of  information 

as  to  whether  chemicals  are  capitalized  or  ex- 
pensed and  Is  used  In  the  subroutine  Summary 
output. 

CSALVAGE  The  chemical  salvage  value  at  the  end  of  the  project, 

which  is  zero  for  present  technology,  $. 

CSTDEPL  The  cost  depletion  and  is  a segment  of  the  calcula- 

tions to  determine  allowable  depletion,  $. 

(CSTDEPL  = BASIS  * (PRODSOLD/(RECUNlrS  + PRODSOLD))) 

CUMPW  The  cumulative  present  worth  for  any  particular  dis- 

count Interest  rate  and  becomes  a final  value  by  the 
completion  of  the  life  of  the  project,  $. 
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VARIABLES  USED  IN  THE  PROGRAM 
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ADEPLA 

ALDEPL 

BASIS 

CDEP 

CHEM 

CHEMCOST 

CHEMCST 

CHEMI 

CSALVAGE 

CSTDEPL 

CUMPW 


A variable  name  given  to  the  output  of  the  infor- 
mation as  to  whether  allowable  depletion  is  applied 
to  the  program  and  is  used  in  the  subroutine 
Summary  output. 

The  allowable  depletion  Is  determined  as  the 
Greater  value  between  PERDEPL  and  CSTDEPL,  $. 

The  uncapltallzed  or  non-expensed  Intangible 
Investments  remaining  at  the  end  of  the  tax 
accounting  period.  (BASIS  “ TLESHCST  - SUMADEPL) , 

$. 

The  chemical  depreciation  If  the  chemicals  are 
capitalized,  $. 

The  chemical  code 

1)  signifies  chemicals  are  expensed 

2)  signifies  chemicals  are  capitalized 

The  total  chemical  cost  by  year  and  the  value  is 
only  used  when  chemicals  are  capitalized.  It 
•Is  zero  If  chemicals  are  expensed,  $. 

The  total  chemical  cost  by  year  and  the  value  Is 
only  used  when  chemicals  are  expensed.  It  is 
zero  If  chemicals  are  capitalized,  $. 

A variable  name  given  to  the  output  of  information 
as  to  whether  chemicals  are  capitalized  or  ex- 
pensed and  is  used  In  the  subroutine  Summary 
output . 

The  chemical  salvage  value  at  the  end  of  the  project, 
which  Is  zero  for  present  technology,  $. 

The  cost  depletion  and  is  a segment  of  the  calcula- 
tions to  determine  allowable  depletion,  $. 

(CSTDEPL  = BASIS  * (PRODSOLD/ (RECUNITS  + PRODSOLD))) 

The  cumulative  present  worth  for  any  particular  dis- 
count interest  rate  and  becomes  a final  value  by  the 
completion  of  the  life  of  the  project,  $. 

KLIFE 
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DCF 

The  discount  factor  and  is  used  to  determine  the 
present  worth  of  the  net  cash  flow.  It  Is  calculated 
using  a single  payment  present  worth  factor  for 
a particular  Interest  rate.  (DCF  ■ l./(l.  + INTEREST/ 
100) **M) 

DDB 

The  subroutine  Double  Declining  Balance  for 

Calculating  depreciation. 

DDBSL 

The  subroutine  Double  Declining  Balance  for  calcu- 
lating depredation. 

DEPCODE 

The  depreciation  code  and  Is  a switch  used  to 
select  a method  of  depreciation. 

1)  Straight  Line  Depreciation 

2)  Sum  of  the  Years  Digits 

3)  Double  Declining  Balance 

4)  Double  Declining  Balance  with  converstlon 

to  Straight  Line. 

DEPLCODE 

Depletion  code  and  Is  a switch  used  to  select 
whether  allowable  depletion  should  be  applied. 

1)  Calculate  an  allowable  depletion. 

2)  Disregards  a depletion  calculation. 

Therefore,  allowable  depletion  Is  zero. 

DEPRSHUN 

The  sum  of  the  depreciations  for  any  particular  tax 
accounting  year  during  the  life  of  the  project.  It 
may  be  calculated  for  the  different  DEPCODE' s,  $. 

DIF 

The  difference  between  the  calculated  rate  of 

return  and  the  read-ln  rate  of  return  (DIF  ■ RRC  - RRR) 

DIFF 

The  difference  between  the  absolute  values  of  the 
cumulative  present  worths  that  have  different 
signs  In  any  succeeding  year.  (DIFF  “ ABS  (CUMPW  (L) 

+ ABS  (CUMPW  (L-1) ) ) . 

DIFF 

A variable  name  given  to  the  difference  In  the  tangible 
Investment  (TANGI)  and  the  depreciated  value  to 
date  and  Is  used  In  subroutines  DDB  and  DDBSL. 

DIFFER 

A variable  name  given  to  the  difference  between 
percentage  depletion  (PERDEPL)  and  cost  depletion 
CSTDEPL. 

EORECOV 

The  estimated  oil  recovery  during  the  life  of  the 
project  and  Is  used  In  calculating  cost  depletion, 

BBLS. 
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EXPENCST 

FEDTAXIN 

FEDINTAX 

FIELD 

GACST 

GIBTDD 

GINCOME 

GOPROD 

GOPRODTC 

INTANG 

INTEREST 

KINTREST 


The  investments  that  can  be  expensed  and  It  Is  the 
sum  of  the  lifting  cost  (LIFTCST) , Intangibles  (INTANG) , 
general  and  administrative  costs,  (GACST),  and 
chemicals  If  expensed  (CHEMCST) , $ (EXPENCST  • 

LIFTCST  + INTANG  + GACST  + CHEMCST) . 

The  federal  taxable  Income  and  Is  that  Income?  on 
which  taxes  must  be  paid  to  the  federal  government, 

$ (FEDTAXIN  • NIBFSIT  - ALDEPL  - STITAX) . 

The  federal  Income  tax  that  Is  obtained  by  using  a 
tax  factor  of  48  percent  for  this  program  times 
the  federal  taxable  Income  (FEDTAXIN),  $. 

A variable  name  given  to  the  field  from  which 
production  is  being  analyzed. 

The  general  and  administrative  cost  and  are  those 
costs  of  management  not  directly  related  to  this 
project.  Normally,  a small  percentage  of  the  cost, 
but  a very  Important  element,  $. 

The  gross  Income  before  federal  and  state  taxes, 
depletion,  or  depreciation,  $.  (GIBTDD  = GINCOME  - 
EXPENCST) . 

The  gross  Income  from  the  sale  of  the  working  Inter- 
est or  net  oil  production  (NOPROD) , $. 

PRICECD  - (1)  GINCOME  - PRICE  * NOPROD 
PRICECD  - (2)  GINCOME  - RRPRICE  * NOPROD 

The  gross  oil  production  and  Is  an  input  value 
determined  from  a computer  simulation  of  the  field 
by  year,  BBLS/YEAR. 

The  gross  oil  production  treating  cost  and  Is  applied 
when  production  of  micellar  or  polymer  solution 
occurs,  $/BBL. 

The  Intangible  investments,  which  are  those  invest- 
ments that  have  no  salvage  value,  $. 

The  Interest  rate  used  to  calculate  discount  factors 
(DCF),  %. 

(5,  10,  15,  20,  25,  30,  35,  40,  45,  and  50  percent). 

Equal  to  Interest  rate  and  Is  used  to  transfer  data 
into  the  plot  routine  M15A  without  affecting  interest, 

%. 
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KLIFE 

label 

LEASHCST 

LIFE 

L*5 

LIFTCST 

LIFTFACT 

LOC 

M15A 

MICELCST 

MICELIJC 

MICELPROD 

MICELQTY 

MSUM 


Equals  project  life  (PLIFE) , but  Is  an  Integer  variable, 
years . 

The  label  information  data  for  the  plot  subroutine 
M15A. 

The  leasehold  cost  and  Includes  options  and  bonuses, 
purchase  price,  lease  expense,  surveys,  title  and 
other  legal  fees,  rental  (First  year's  and  delays) 
and  exploration  costs  (geological,  geophysical  and 
exploration  drilling),  $. 

The  depreciable  life  of  the  tangible  Investments, 
years . 

The  depreciable  group  lives  of  5,  10,  15,  20,  25 
years,  years. 

The  lifting  cost  which  Includes  power,  operating 
and  production  cost  and  repair,  $. 

The  lifting  factor  Is  a cost  value  applied  to  the 
total  barrels  of  fluid  produced,  $/BBL. 

A variable  name  given  to  the  location  of  the  field 
of  study  and  Is  used  In  the  subroutine  Summary  output. 

A subroutine  that  Is  used  to  perform  plotting  routines 
and  It  Is  maintained  In  the  program  library  of  the 
University  of  Kansas. 

The  cost  of  the  micellar  solution  used  to  Inject 
Into  the  formation.  It  Is  priced  at  a cost  per 
barrel,  $/BBL. 

The  micellar  injection  costs  are  costs  for  Injecting 
the  micellar  solution,  $/BBL 

The  micellar  production  that  Is  produced  at  the 
wells , BBLS 

The  quantity  of  micellar  solution  injected  into  the 
formation  but  purchased  In  a tax  accounting  year. 

This  purchase  can  be  done  in  bulk  or  as  the  project 
progresses  during  the  micellar  Injection  period,  BBLS. 

A variable  name  for  a counter  used  in  the  depre- 
ciation subroutine  SYOD. 
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N 

NN 

NDEPI 

NETCASHF 

NIBFSIT 

NIJW 

NOPROD 

NPRODW 

OUTPUT 

PATTERN 

PERCENTG 

PERDEPL 

PERDEPLL 

PLIFE 


The  number  of  years  that  data  will  be  calculated, 
years.  (N  - PLIFE  +1). 

The  remaining  number  of  depreciable  years  In  the 
life  of  a group  of  equipment,  years. 

The  net  depletable  Income  and  Is  used  In  calculating 
percent  depletion,  $.  (NDEPI  - .65  * NIBFSIT) 

The  net  cash  flow  during  a project,  $. 

(NETCASHF  - GINCCME  - EXPENCST  - LEASHCST  - TTICST  - 
STITAX  - FEDINTAX) . 

The  net  Income  before  federal  and  state  Income  tax, 

$. 

(NIBFSIT  - GIBTDD  - DEPRSHUN) 

The  number  of  Injection  wells.  This  Is  Information 
for  the  subroutine  Summary. 

The  net  oil  production,  BBLS/YEAR. 

(NOPROD  - 7/8.  * GOPROD). 

The  number  of  production  wells.  This  Is  Information 
for  the  subroutine  Summary. 

The  subroutine  output  that  Is  used  to  print  out  the 
headings  used  In  present  worth  profile  sinnmary  calcula- 
tions. 

A variable  name  used  to  designate  the  type  of 
drilling  pattern  that  would  be  used,  spot. 

The  percentage  of  gross  Income  and  Is  used  In  calculating 
percent  depletion,  $. 

(PERCENTG  - . 22  * GINCOME) . 

The  percent  depletion  and  Is  calculated  on  the  basis 
of  the  lessor  of  22%  of  gross  Income  (PERCENTG)  and 
the  net  Income  before  federal  and  state  Income  tax 
times  .65%  (NDEPI),  $. 

A variable  name  given  to  the  difference  between  the 
net  depletable  Income  and  the  22%  of  gross  Income. 

It  Is  used  to  determine  the  algebraic  sign  of  the 
results,  $. 

The  number  of  years  that  the  project  Is  considered 
feasible  under  economic  evaluations  and  estimates. 

It  Is  used  as  KLIFE  for  Integer  purposes,  years. 
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POLYMCST 

POLYMIJC 

POLYMPRD 

POLYMQTY 

PRICE 

PRICECD 


PRODOH 

PRODSAND 

PRODSOLD 

PVALUE 


The  cost  of  polymer  per  pound  converted  into  concen- 
tration for  a barrel  of  water.  Therefore,  a cost  per 
barrel  is  read  Into  the  program,  $/BBL. 

This  is  the  cost  to  inject  polymer  solution  into  the 
Injection  wells,  $/BBL. 

The  polymer  production  is  that  fluid  related  to 
polymer  that  is  produced  from  the  production  wells, 
BBLS. 

The  poljmier  quantity  that  is  injected  into  the  field 
for  mobility  control,  but  purchased  prior  to  injection 
or  as  the  injection  is  occurring,  BBLS. 

Price  of  the  current  sale  of  new  oil,  $. 

The  price  code  and  is  used  to  cause  a switch  from 
straight  calculation  of  rate  of  return  to  determina- 
tion of  price  as  a function  of  rate  of  return. 

1)  Perform  the  calculations  with  a read-in 
price. 

2)  Perform  the  calculations  by  reading  a rate 
of  return  assuming  a price,  checking  the 
match  of  rate  of  returns  (calculated  and 
read-in  values)  and  adjustment  of  price. 

This  continues  until  a tolerance  of  .10  is 
met  or  no  convergence. 

The  production  on  hand  and  not  sold  during  a tax 
accounting  year.  For  this  program,  this  value  is 
considered  ZERO,  BBLS. 

A variable  name  given  to  the  producing  sand  and  is 
used  in  the  subroutine  Summary  output. 

The  production  sold  during  a tax  accounting  year 
and  is  used  in  calculating  cost  depletion,  BBLS 
(PRODSOLD  = GOPROD  - PRODOH) . 

A variable  name  used  to  convert  CUMPW  into  a unidimen- 
sional array  and  is  used  in  the  subroutine  M15A  to 
plot,  $.  (CUMPW  versus  discount  rate). 


PW 


The  present  worth,  which  is  the  value  now  of  a sum  of 
money  which  is  payable  with  interest  at  some  future 
date,  $.  (PW  = NETCASHF  * DCF). 
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The  recoverable  units  of  oil  remaining  at  the  end 
of  the  accounting  period  and  Is  used  In  calculating  | 

cost  depletion,  BBLS  (RECUNITS  + EORECOV  - SUMGOP) . 1 

I 

The  variable  name  given  to  the  calculated  price  j 

as  a function  of  rate  of  return  and  Is  used  In 
subroutine  rlteout,  $. 

RR  The  rate  of  return,  sometimes  referred  to  as  dis- 

counted cash  flow  rate.  Is  the  maximum  Interest  rate 
which  could  be  paid  on  borrowed  capital  and  still 
break  even.  If  you  can  Invest  money  at  amounts  greater 
than  this  percent,  you  would  be  better  off  to  take 
such  an  Investment. 

RRC  A variable  name  given  to  a calculated  rate  of 

return  when  price  Is  determined  as  a function  of  rate 
of  return,  Z. 

RRPRICE  A variable  name  used  to  calculate  a price  (RRPRICE) 

versus  a read-ln  rate  of  return,  $. 

RRR  A variable  name  given  to  the  read-ln  value  of  the 

rate  of  return  In  the  calculation  of  price  (RRPRICE) 
as  a function  of  rate  of  return,  %. 

SALDEPL  The  variable  name  used  to  sum  the  allowable  deple- 

tion, $. 

SCHECST  The  variable  name  used  to  sum  the  expensed  chemical 

costs,  $. 

SCHEMCST  The  variable  name  used  to  sum  the  capitalized  chem- 

ical costs,  $. 

SCSTDEPL  The  variable  name  used  to  sum  the  cost  depletion,  $. 

SDEPSHUN  The  variable  name  used  to  sum  the  depreciation,  $. 

SEXPECST  The  variable  name  used  to  sum  the  expense  costs,  $. 

SFEDITAX  The  variable  name  used  to  sum  the  federal  Income  tax, 

$. 

SFEDTAXI  The  variable  name  used  to  sum  the  federal  taxable 

Income , $ . 

The  variable  name  used  to  sum  the  general  and  adminis- 
trative costs,  $. 


SGACST 


RECUNITS 


RIPRICE 
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SGIBTDD 

SGINCOME 

SGOPROD 

S INTANG 
SIZE 

SLD 

SLESHCST 

SLIFTCST 

SNCF 

SNDEPI 

SNIBFSIT 

SNOPROD 

SPACE 

SPERCETG 

SPERDEPL 

SSTAMOTS 

SSTITAX 

STAMORTS 

STAMORTZ 


The  variable  name  used  to  sum  the  gross  Income  before 
taxes,  depletion  and  depreciation,  $. 

The  variable  name  used  to  sum  the  gross  Income,  $. 

The  variable  name  used  to  sum  the  gross  oil  produc- 

tion, BBLS. 

The  variable  name  used  to  sum  the  Intangible  costs,  $. 

The  size  of  the  field  being  evaluated  and  Is  used 
In  the  subroutine  Summary  output,  acres. 

The  subroutine  Straight  Line  Depreciation  method 
used  to  calculate  depreciation. 

The  variable  name  used  to  sum  the  leasehold  costs,  $. 

The  variable  name  used  to  sum  the  lifting  costs,  $. 

The  variable  name  used  to  sum  the  net  cash  flows  for 

the  project  life,  $. 

The  variable  name  used  to  sum  the  net  depletable 
Income,  $. 

The  variable  name  used  to  sum  the  net  Income  before 
federal  and  state  Income  taxes,  $. 

The  variable  name  used  to  sum  the  net  oil  production, 
BBL. 

A variable  name  used  to  designate  the  spacing  used 
to  layout  the  field,  acre. 

The  variable  name  used  to  sxim  the  percentage  of  gross 
Income , $ . 

The  variable  name  used  to  sum  the  percent  depletion, 

$. 

The  variable  name  used  to  sum  the  state  amortization 
of  tangible  assets,  $. 

The  variable  name  used  to  sum  the  state  Income  tax, 

$. 


The  sum  of  the  state  amortization  for  any  one  tax 
accounting  period,  $. 

The  state  amortization  for  any  tangible  Investment 
over  a 24  month  period,  $. 
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STANGIBL 

STAXINC 

STDEP 

STITAX 


STITCST 

STSALVAG 

SUM 

SUMADPL 

SUMDEP 

SUMGOP 

SDMM 

SUMMARY 

SYOD 

TANGI 


The  variable  name  used  to  sum  the  tangible  Invest- 
ments, $. 

The  variable  name  used  to  sum  the  taxable  Income,  $. 

The  variable  name  used  to  sum  tangible  depreciation 
In  a particular  group  depreciable  life,  $• 

The  state  Income  tax  Is  calculated  as  a percent 
factor  times  the  taxable  Income  minus  the  amortization 
of  tangible  equipment  over  a 24  month  period,  $. 


$25,000  or  less 4.5% 

$25,001  or  more 6.75% 


(STITAX  = $FACT0R  * TAXING) 

The  variable  name  used  to  sum  the  total  tangible 
costs,  $. 

The  sum  of  the  salvage  value  that  Is  the  undepre- 
ciated Investment  after  the  life  of  the  project  Is 
reached,  $. 

A variable  name  used  to  designate  the  value  of  the 
sum  of  the  years  digits  of  the  depreciable  life,  $. 

The  sum  of  the  allowable  depletion  up  to  and  Including 
the  tax  accounting  period.  It  Is  used  In  the  calcula- 
tion of  cost  depletion  (CS TOEFL) , $. 

(Note  - for  the  first  year.  It  Is  ZERO) 

A variable  name  given  to  the  sum  of  the  tangible 
depreciation  in  all  of  the  depreciation  subroutines, 
SLD,  SYOD,  DOB,  and  DDBSL,  $. 

The  sum  of  the  gross  oil  produced  during  the  life  of 
the  project  and  Is  used  In  calculating  cost  depletion 
(CSTDEPL),  $. 

A variable  name  given  to  the  sum  of  the  previous 
year's  chemical  depreciation  (If  capitalized)  and  Is 
used  In  subroutines  DOB  and  DDBSL,  $. 

A subroutine  used  to  output  the  parameter  informa- 
tion defining  the  particular  economic  program  run. 

The  subroutine  Sum  of  the  Year's  Digits  and  is  used 
to  calculate  depreciation. 

The  tangible  investments  having  depreciable  lives 
of  5,  10,  15,  20,  and  25  years,  $. 


'TANGIBLE 

TAXING 

TDEP 

TDEPR 

TLESHCST 

TODM 

TODP 

TTICST 

WATERDC 

WATERIC 


The  sum  of  the  tangible  investments  in  any  year  no 
matter  what  the  depreciable  life,  $. 

KLIFE 

(TANGIBLE  = E (TANGI(M,1)  + TANGI  (M,2) 

M-1 

+ TANGI(M,3)  + TANGI(M,4)  + TANGI (M, 5). 

The  taxable  Income  and  is  calculated  by  the  equation, 

$. 

(TAXING  » NIBFSIT  - STAMORTS) . 

The  tangible  depreciation  and  is  calculated  by  the 
following  equations  depending  on  the  method  of 
depreciation  selected,  $. 

(SLD:  TDEP  « TANGI /L*5.) 

(SYOD:  TDEP  = TANGI* (LIFE-NN)/SWM) 

(DDB:  TDEP  = DIFF  * 2.00/L*5.) 

(DDBSL:  Same  as  DDB  but  converts  to 

straight  line  when  DDB  is  smaller 
in  value  in  an  accounting  period.) 

A variable  name  used  to  designate  the  type  of  depre- 
ciation that  is  applied  in  the  program  and  is  used 
in  the  output  of  subroutine  Summary. 

The  total  leasehold  cost  up  to  and  including  the 
tax  accounting  period  and  is  used  in  calculating 
cost  depletion,  $. 

A variable  name  used  in  the  output  of  the  percentage 
by  pore  volume  of  micellar  solution.  It  is  used 
in  the  subroutine  Summary  output. 

A variable  name  used  in  the  output  of  the  percentage 
by  pore  volume  of  polymer.  It  is  used  in  the 
subroutine  Summary  output. 

The  total  tangible  Investment  cost  and  is  calculated 
by  the  following  equation,  $. 

(TTIGST  = TANGIBLE  + GHEMGOST  - STSALVAG) 

Note:  Salvage  is  only  included  in  the  last 
year  of  the  project. 

The  water  disposal  costs  are  those  costs  for  disposing 
of  produced  water,  $,BBL. 

The  water  injection  costs  are  those  costs  for  injecting 
water  in  the  Injection  wells,  $,BBL. 
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WATERINJ 


WATERPRD 

WRITEOUT 

YCDEP 


The  water  Injection  is  the  quantity  of  water  injected 
by  year,  BBLS. 

The  water  production  is  the  quantity  of  water  pro- 
duced by  year,  BBLS. 

A subroutine  to  output  the  results  of  price  as  a 
function  of  rate  of  return. 

A variable  name  given  to  the  sum  of  the  chemical 
depreciation  if  they  are  capitalized,  $. 

A variable  name  given  to  the  year  of  investment,  year. 


YEAR 
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INPUT  DATA  AND  CARD  FORMATS 


The  Input  data  and  associated  card  formats  necessary  to  run 
this  program  are  described  In  this  appendix.  The  number  of  data 
card  sets  can  be  limited  and,  therefore,  control  the  program  for 
different  applications.  If  the  data  card  Is  an  array,  care  must 
be  taken  to  Input  the  correct  number  of  data  entries  for  each 
variable. 


CARD  1. 


■ 

IL 

nm 

n.t 

n«KOf 

n2.2 

ttrrpAcr 

n.i 

mmic 

Hi 

mmoc 

n.i 

incB.t.rc 

n.i 

pmmuc 

p«.j 

coriwwe 

n.i 

1 1 

• • II  t«  tt  tt  M fIM  19  It  tl 

nnmumn 

mnnmmti 

1 

HU 

JIILHLLLLL 

UIEE 

JJLLLL 

Tnii. 

ILLLI 

■ Hill 

mil 

TiiniiiiDiijiiiiiirni 

VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMNS 

N 

YEARS  OF  PROJECT 

12 

INTEGER 

1-2 

PLIFE 

PROJECT  LIFE,  YRS. 

F5.2 

REAL 

3-7 

EORECOV 

ESTIMATED  OIL  RE- 
COVERABLE, BBLS 

F12.2 

REAL 

8-19 

LIFTFACT 

LIFTING  FACTOR  COST 

F6.3 

REAL 

20-25 

FOR  FLUID  PRODUCED, 
$/BBL 


WATERIC 

WATER  INJECTION 

COSTS,  $/BBL 

F6.3 

REAL 

26-31 

WATERDC 

WATER  DISPOSAL 

COSTS,  $/BBL 

F6.3 

REAL 

32-37 

MICELIJC 

MICELLAR  INJECTION 
COST,  $/BBL 

F6.3 

REAL 

38-43 

POLYMIJC 

POLYMER  INJECTION 
COSTS,  $/BBL 

F6.3 

REAL 

44-49 

GOPRODTC 

GROSS  PRODUCTION 
TREATING  COSTS,  $/BBL 

F6.3 

REAL 

50-55 

VARIABLE 

MAXIMUM 

ARRAY 

DESCRIPTION 

FIELD 

TYPE  COLUMNS 

YEAR(M)  YEAR  OF  RUN,  YRS.  2612  INTEGER  1-52 


CARD/S  3.  (A)* 


VARIABLE  MAXIMUM 

array  description  field  type  column 

GOPROD(M)  GROSS  OIL  PRODUC-  5F12.2  REAL  1-60 

TION,  BBLS 


Goprod  is  production  data  obtained  from  decline  curves  or 
from  a simulation  model  of  the  micellar  process.  Additional  data 
cards  are  necessary  if  more  than  five  years  of  production  data  are 
available.  M represents  the  year  of  production. 

CARD/S  4.  (A)* 


VARIABLE 

ARRAY 

DESCRIPTION 

MAXIMUM 

FIELD 

TYPE 

1 

COLUMN 

TANGI(J,L) 

TANGIBLE  INVEST- 

5F11.2 

REAL 

1-55 

MENT,  $ 

*N0TE; 

Only  (N-1)  number  of 

data  entries  are 

necessary  for 

tjrpe  (A)  cards,  but  a maximum  limit 

kL. 

is  26. 

i 

D.3 


Tangible  investments  are  those  that  have  a salvage  value.  J 
represents  the  year  of  the  project  depreciable  life  with  a maximum 
value  of  26  and  L represents  the  depreciable  group  life  of  5,  10, 
15,  20,  or  25  years  and  has  a maximum  value  of  5. 


CARD/S  5.  (A)* 


■■i 

3JM  1.1  J 1 L IJ  1. 1.1  1 I.TI— 

liiiiiiiii 

VARIABLE  MAXIMUM 

DESCRIPTION  FIELD  TYPE  COLUMN 

LEASHCSTCM)  LEASEHOLD  COST,  $ 6F10.2  REAL  1-60 

M represents  the  year  the  costs  were  Incurred.  These  are 
the  costs  to  acquire  the  lease. 


CARD/S  6.  (A)* 


VARIABLE 

ARRAY 

DESCRIPTION 

MAXIMUM 

FIELD 

TYPE 

COLUMN 

1-60 

INTANG (M) 

INTANGIBLE  INVEST- 
MENT, $ 

6F10.2 

REAL 

M represents  the  year  of  intangible  investment  and  the  maximum 
value  of  M is  26.  INTANG  Includes  those  investments  that  do  not 
have  a salvage  value. 


r 


! . 


D.4 


CARD/S  7.  (A)* 


OICfTOD 


1^1  n 1 1 1 1"  M 1 1 1 1 1 1 iTirrn  n i m iTTrmTlrirnTTrfrTTrmTi^^^  111111"  m fiTPff 


VARIABLE 

ARRAY 

GACST(M) 


DESCRIPTION 

GENERAL  AND  ADMIN- 
ISTRATIVE COST,  $ 


MAXIMUM 
FIELD  TYPE 

6F10.2  REAL 


COLUMN 


1-60 


M represents  the  year  of  the  expense  accredited  to  the  total 
project  and  the  maximum  value  of  M is  26.  GACST  was  calculated  at 
$70/well/month . 

CARD/S  8.  (A)* 
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iimiTnTnnm 


VARIABLE 

ARRAY  DESCRIPTION 


MAXIMUM 

FIELD  TYPE  COLUMN 


WATERINJ(M)  WATER  INJECTION 


6F10.2  REAL 


1-60 


M represents  the  year  of  the  injection  and  has  a maximum  value 
of  26.  Water  injection  is  that  quantity  of  water  injected  after  the 
polymer  solution. 


CARD/S  9.  (A)* 


VARIABLE 

MAXIMUM 

ARRAY 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

WATERPRD(M) 

WATER  PRODUCTION 
FROM  PRODUCTION 
WELLS 

6F10.2 

REAL 

1-60 

D.5 


i 

i 

t 

I 
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M represents  the  year  of  the  production  and  has  a maximum  value 
of  26.  Water  production  is  that  quantity  of  water  produced  and  must 
be  disposed. 


CARD/S  10.  (A)* 


HHHHH 

rnmwwwwmmm 
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gncixnxEc 

T~T~n"f'T  f ri  i.i  ■ 1 I I HI  M ■ ' 
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kiiiiiiiii 
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VARIABLE 

MAXIMUM 

ARRAY 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

MICELPRD(M) 

MICELLAR  PRODUC- 
TION, BBLS 

6F10.2 

REAL 

1-60 

M represents  the  year  of  the  production  and  has  a maximum  value  of 
26.  The  micellar  production  is  used  to  determine  a portion  of  lifting 
cost  and  whether  treating  cost  must  be  applied. 


CARD/S  11.  (A)* 


VARIABLE 

ARRAY 

DESCRIPTION 

MAXIMUM 

FIELD 

TYPE 

COLUMN 

POLYMPRD(M) 

POLYMER  PRODUC- 

6F10.2 

REAL 

1-60 

TION,  BBLS 

^ .9 

M represents  the  year  of  the  production  and  has  a maximum  value 
of  26.  The  polymer  production  la  used  to  determine  a portion  of 
lifting  cost  and  whether  treating  cost  must  be  applied. 
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CARD/S  12. 
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nil 
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VARIABLE  MAXIMUM 

ARRAY  DESCRIPTION  FIELD  TYPE  COLUMN 

INTEREST (M)  INTEREST,  % 10F6.3  REAL  1-50 

Interest  Is  the  percent  of  money  paid  for  the  use  of  borrowed 
money.  M represents  the  different  Interest  rates  5.00,  10.00, 
15.00,  20.00,  25.00,  30.00,  35.00,  40.00,  45.00,  and  50.00.  A 
maximum  of  10  Interest  rates  can  be  read  In  as  Input. 


CARD/S  13.  (A)* 
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VARIABLE 

MAXIMUM 

ARRAY 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

MICELCST (M) 

MICELLAR  SOLU- 
TION COST,  $/BBL 

10F6.3 

REAL 

1-50 

MICELCST  remains  a standard  value  for  any  particular  tax 
accounting  year  once  It  Is  Inputed  as  data.  M Is  the  year  the  cost 
applies  and  has  a maximum  value  of  26. 


CARD/S  14.  (A)* 


TOLTMCnOO 

_ 

1 » 1 « « • 

» • 1 M iH: 

nmi  n ft  }i 

n It  It  M I*  M 

nm 

TrnT 

nm 

imr 

THTT 

TTTn 

TITIT 

mil 

ILLLL 

HILL 

iiiiiiiiiiii  iiiiiii 

VARIABLE 

ARRAY 

DESCRIPTION 

MAXIMUM 

FIELD 

TYPE 

COLUMN 

POLYMCST(M) 

POLYMER  COST,  $/BBL 

10F6.3 

REAL 

1-50 

A 


D.7 

POLYMCST  can  be  varied  on  an  annual  basis  depending  on  the  con- 
centration. This  Is  slightly  curtailing,  but  does  allow  some  flexibility. 
M Is  the  year  the  cost  applies  and  has  a maximum  value  of  26. 


CARD/S  15.  (A)* 


VARIABLE  MAXIMUM 

ARRAY  DESCRIPTION  FIELD  TYPE  COLUMN 

MICELQTY(M)  MICELLAR  QUANTITY  5F12.2  REAL  1-60 

INJECTED,  BBLS 


MICELQTY  Is  the  total  amount  of  micellar  solution  that  must  be 
Injected  by  design  quantity  of  pore  volume  in  any  one  year.  M 
represents  the  year  of  Injection  and  has  a maximum  value  of  26. 

This  data  is  obtained  from  a simulation  model  of  the  field  being 
studied. 


CARD/S  16.  (A)* 


VARIABLE  MAXIMUM 

ARRAY  DESCRIPTION  FIELD  TYPE  COLUMN 

POLYMQTY(M)  POLYMER  QUANTITY  5F12.2  REAL  1-60 

INJECTED,  BBLS 

POLYMQTY  Is  the  total  amount  of  pol)nner  that  must  be  injected  by 
design  quantity  of  pore  volume  in  any  one  year.  M represents  the 
year  of  Injection  and  has  a maximum  value  of  26.  This  data  Is 


obtained  from  a simulation  model  of  the  field  being  studied 


D.8 


[ 

I 

[ 

I 

i 
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CARD  17, 


~~i  i i I * 


Dim  1 1 1 1 1 1 1 1 1 1 1 1 nmwr 


VARIABLE  DESCRIPTION  FIELD  TYPE  COLUMN 

LOC  LOCATION  OF  THE  A30  CHARACTER  1-30 

FIELD 

LOC  is  the  location  of  the  field  being  studied. 


CARD  18. 


VARIABLE  DESCRIPTION  FIELD  TYPE  COLUMN 

FIELD  NAME  OF  THE  FIELD  A-30  CHARACTER  1-30 

STUDIED 

Field  is  the  name  given  to  the  producing  area. 


CARD  19. 


VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

PRODSAND 

PRODUCING  SAND 

A30 

CHARACTER 

1-30 

! 


PRODSAND  is  the  name  of  the  producing  formation. 


VARIABLE 


DESCRIPTION 


FIELD 


TYPE 


COLUMN 


SIZE 

SIZE  OF  FIELD,  ACRES 

110 

INTEGER 

1-10 

TODM 

TYPE  OF  DISPLACEMENT 
OF  MICELLAR  SOLUTION, 

1 

12 

INTEGER 

11-12 

TODP 

TYPE  OF  DISPLACEMENT 
OF  POLYMER,  % 

12 

INTEGER 

13-14 

SPACE 

TYPE  OF  WELL  SPACING, 
ACRE 

All 

CHARACTER 

15-25 

NIJW 

NUMBER  OF  INJECTION 
WELLS 

14 

INTEGER 

26-^7 

NPRODW 

NUMBER  OF  PRODUC- 
TION WELLS 

14 

INTEGER 

ZO 

2»-29 

PATTERN 

LAYOUT  OF  THE  WELLS 

All 

CHARACTER 

<3^-40 

CARD  TYPE  (B) 

These  card  sets  must  be  arranged  in  the  following  order  and 
are  only  used  when  the  price  code  (PRICECD)  is  equal  to  1.  Duplicate 
sets  of  these  data  cards  provide  succeeding  total  runs  of  present 
worth  profiles  and  must  follow  cards  Identified  previously  1 - 20. 

A Type  (B)  data  card  set  Is  made  up  of  cards  21(B),  22(B),  23(B), 

24(B)  and  25(B). 


D.IO 


CARD  21.  (B) 


VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

DEPCODE 

DEPRECIATION  CODE 

12 

INTEGER 

1-2 

DEPLCODE 

DEPLETION  CODE 

12 

INTEGER 

3-4 

CHEM 

CHEMICAL  CODE 

12 

INTEGER 

5-6 

PRICECD 

PRICE  CODE 

12 

INTEGER 

7-8 

PRICE 

PRICE  OF  OIL  SOLD, 
$/BBL 

F5.2 

REAL 

9-13 

DEPCODE  can  be  four  nuiobers:  a 1 calls  subroutine  SLD  to 
calculate  straight  line  depreciation,  a 2 calls  subroutine  SYOD  to 
calculate  sum  of  the  year's  digits  depreciation,  a 3 calls  subroutine 
DDB  to  calculate  double  declining  balance  depreciation,  and  a 4 calls 
subroutine  DDBSL  to  calculate  double  declining  balance  with  conversion 
to  straight  line  depreciation. 

DEPLCODE  can  be  two  numbers:  a 1 applies  an  allowable  depletion 
to  the  calculations  and  a 2 disregards  depletion  allowance. 

CH^  can  be  two  numbers:  a 1 applies  when  chemicals  (micellar 
and  polymer)  are  expensed,  and  a 2 capitalizes  the  chemical  Investment. 

PRICECD  can  be  two  numbers:  a 1 applies  to  type  (B)  input  cards 
and  a 2 is  only  used  when  Type  (C)  data  cards  are  inputed. 

PRICE  is  the  price  that  new  oil  can  be  sold. 


CARD  22.  (B) 


VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

CHEMI 

CHEMICALS  ARE  EX- 

A30 

CHARACTER 

1-30 

PENSED  OR  CAP- 

ITALIZED 

CHEMI  Is  used  Co  output  Che  name  EXPENSED  when  CHEM  is  1 on  card 
21(B)  or  CAPITALIZED  when  CHEM  Is  2 on  card  21(B).  The  data  should 
be  either  EXPENSED  or  CAPITALIZED. 

CARD  23.  (B) 


MVU 

1 II 1 n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 mrrr 

HI  1 1 mm  i rmni  1 1 1 1 1 1 1 riTiTiiTi  him  rri  1 1 in  i 

VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

ADEPLA 

APPLICATION  OF 
DEPLETION  ALLOW- 
ANCE OR  NOT 

A30 

CHARACTER 

1-30 

ADEPLA  will  be  either  YES  or  NO.  YES  when  DEPLCODE  is  1 on  card 


21(B)  and  NO  when  DEPLCODE  is  2 on  card  21(B). 
CARD  24.  (B) 


mni 

A3» 

iLLiLii.iiiniiiiiiiiiiiiniir 

Pm  1 1 1 1 1 1 1 1 1 r 1 1 1 1 1 1 1 mm  1 1 1 1 rn  1 1 1 1 1 rn  1 1 iTi  i 

VARIABLE  DESCRIPTION  FIELD  TYPE  COLUMN 

TDEPR  TYPE  OF  DEPRE-  A30  CHARACTER  1-30 

CIATION 

If  DEPCODE  on  TYPE  card  21(B)  is  1,  enter  SLD  for  TDEPR,  a 2 
enter  SYOD  for  TDEPR,  a 3 enter  DDB  for  TDEPR  or  a 4 enter  DDBSL  for 


TDEPR 


CARD  25.  (B) 


1 

ri  1 ^ VU  1 M 

11 1 i.rn  i: 

i ixi  iii  1 i.i;i  1 1 1 

ia.i.1- 

illlllllllllllllllllll 

iiiiiiiiii 

iiiiiiii 

mill 

VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

LABEL 

IS  THE  LABEL  FOR 
THE  PLOT  OF  DIS- 
COUNT FACTOR  VS. 
PRESENT  VALUE 

13A6,A2 

CHARACTER 

1-8 

Input  for  LABEL  Is  PRESEMT  VALUE  (Dollars)  VERSUS  DISCOUNT  RATE 
(PERCENT) . 

CARD  TYPE  (C) 

These  data  cards  sets  must  be  arranged  in  the  following  order 
and  are  only  used  when  the  price  code  (PRICECD)  Is  equal  to  2.  Dupli- 
cate sets  of  these  data  cards  provide  succeeding  total  runs  of  price 
determination  as  a function  of  rate  of  return  within  a tolerance  of 
.1.  This  tolerance  can  be  lowered  if  a greater  accuracy  is  desired. 


CARD  26.  (C) 


VinDCJD 

lllllllllllll 

■■ll■■■■B■l■■■^■l■^■■l■■■l^■l■■■IB■Bli■■l■■illlM■■■■■ll■BII■BBI■llll 

VARIABLE 

DESCRIPTION 

DEPCODE 

DEPRECIATION  CODE 

DEPLCODE 

DEPLETION  CODE 

CHEM 

CHEMICAL  CODE 

PRICECD 

PRICE  CODE 

PRICE 

PRICE  OF  OIL  SOLD 
$/BBL 

FIELD 

TYPE 

COLUMN 

12 

INTEGER 

1-2 

12 

INTEGER 

3-4 

12 

INTEGER 

5-6 

12 

INTEGER 

7-8 

F5.2 

REAL 

9-13 

D.14 


DEPCODE  can  be  four  numbers:  a 1 calls  subroutine  SLD  to  cal- 
culate straight  line  depreciation,  a 2 calls  subroutine  SYOD  to  calcu- 
late sum  of  the  year's  digits  depreciation,  a 3 calls  subroutine  DDB 
to  calculate  double  declining  balance  depreciation,  and  a 4 calls 
subroutine  DDBSL  to  calculate  double  declining  balance  with  conver- 
sion to  straight  line  depreciation. 

DEPLCODE  can  be  two  numbers:  a 1 applies  an  allowable  depletion 
to  the  calculations  and  a 2 disregards  depletion  allowance. 

CHEM  can  be  two  numbers:  a 1 applies  when  chemicals  (micellar 
and  polymer)  are  expensed  and  a 2 capitalizes  the  chemical  Investment. 

PRICECD  can  be  two  numbers:  a 1 applies  to  type  (B)  input  cards 
and  a 2 is  only  used  when  Type  (C)  data  cards  are  used.  Enter  any 
dummy  value  in  the  field  for  PRICE.  It  is  not  used  with  this  data. 

CARD  27.  (C) 


owl 


I r.rrn  r r 

lllllll 

iiViiilii 

liiliiiiiiiili 

iiiiiii 

VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

CHEMI 

CHEMICALS  ARE  EX- 
PENSED OR  CAPITAL- 
IZED 

A30 

CHARACTER 

1-30 

CHEMI  is  used  to  output  the  name  EXPENSED  when  CHEM  is  1 on  card 
26(C)  or  CAPITALIZED  when  CHEM  is  2 on  card  26(C).  The  data  should 


be  either  EXPENSED  or  CAPITALIZED. 


D.15 


I 


I 

CARD  28.  (C)  I 


VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

ADEPLA 

APPLICATION  OF  DE- 

A30 

CHARACTER 

1-30 

PLETION  ALLOWANCE 

OR  NOT 

ADEPLA  will  be  either  YES  or  NO.  Input  Is  YES  when  DEFLCODE  Is 
1 on  card  26(C)  and  NO  when  DEPLCODE  is  2 on  card  26(C). 


CARD  29.  (C) 


VARIABLE 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

TDEPR 

TYPE  OF  DEPRECIATION 

A30 

CHARACTER 

1-30 

If  DEFCODE  on  type  card  26(C)  is  1,  enter  SLD  for  TDEPR,  a 2 
enter  SYOD  for  TDEPR,  a 3 enter  DDE  for  TDEPR  or  a 4 enter  DDBSL  for 
TDEPR. 


CARD  30.  (C) 


VARIABLE 

MAXIMUM 

ARRAY 

DESCRIPTION 

FIELD 

TYPE 

COLUMN 

RRR(K) 

READ  IN  VALUE  OF 

10F5.2 

REAL 

1-50 

RATE  OF  RETURN 


RRR  values  can  be  any  number  between  0.00  and  50.00  and  K has  a 


maximum  value  of  10 


D.16 


VARIABLE  MAXIMUM 

array  description  field  type  column 

LABEL  IS  THE  LABEL  FOR  13A6,A2  CHARACTER  1-8 

THE  PLOT  OF  PRICE 
(DOLLAR)  VERSUS 
RATE  OF  RETURN 
(PERCENT) 

Input  data  for  LABEL  is  PRICE  (DOLLARS)  VERSUS  RATE  OF  RETURN 


(PERCENT) . 


The  read  statement  Is  In  subroutine 


i 

WRITEOUT . I 


It  should  be  understood  that  data  sets  type  (B)  or  (C)  can  be 


put  In  any  combination  sequential  order,  but  at  least  one  type 
set  must  be  In  the  data  Input. 


I 


E.l 


TERTIARY  OIL  RECOVERY  PROJECT 

October  21,  1974 
Outline  of  Project  Work 


I.  Assessment  of  Resource  Neal  Plocek 

Jim  Aber 

1.  Initial  Screening  of  Fields  Bill  Hulse 

(January  1,  1975) 

a.  Bibliography  of  available  Information  on  Kansas 
Oil  Fields  (November  15,  1974) 

b.  Sinnmarlze  data  of  D.  Beene  and  other  available 
Information. 

Classify  fields  by  formation  type. 

2.  Verification  of  data 


a.  M.  Oros  file 

b.  Data  from  Industry 


3.  Estimated  Recoveries  by  Primary  and  Secondary 
Production  - to  calculate  tertiary  oil  possibilities. 
(First  Report  by  June  30,  1975) 

4.  "First  pass"  estimates  of  recoveries  by  Tertiary  Oil 
Recovery  Techniques 

(First  Report  by  June  30,  1975) 

5.  Selection  of  representative  reservoirs  for  more  detailed 
analyses 

a.  Detailed  reservoir  estimates  of  recovery 

b.  Economic  calculations 

c.  Perhaps  recovery  as  f (oil  price) 

II.  T.O.R.  Laboratory 

1.  Establishment  of  laboratory  for  physical 
property  measurement  (June  30,  1975) 


Bill  Krltlkos 
Jose  Dominguez 
David  Zomes 
Mllfred  Mast 


a.  Permeability 
Porosity 


b. 


E.2 


c.  Capillary  Pressure 

d.  Relative  Permeability 

e.  Oil  Viscosity 

f.  Oil  Density 

g.  Surface  Tension 

h.  Interfacial  Tension 

(*  Decision  needs  to  be  made  as  to  equipment  type) 

i.  Water  Characteristics  (Geological  Survey) 

Composition  of  salt. 

Conductivity,  and 
Di-valent  and  tri~valent  ions 


i(»iiA"v  on  ufcnvciiY  PROjicr 
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r«CTOR  COST  COST  COST  COST  IRCAIINC.  COST 

T/oni  S/l  m 1/0  )1  l/THl  l/linl  1/HML 


PRICt  inOlLRRS)  ViRSUS  RRIE  Of  RETURN  (PERCENT) 


liFfOVF-RY  PllOJftI 


MVMOIld  lIMa)tO)) 

tlirovd  lalAOld*  lid  taviiali 


llrrlHii  C0<11  M»Tr»  lhJFfTIO»P  WdffR  n|5P0S«L  MICrLlAR  IMJlCTlOf*  PUlTrER  IMJtCIION  GROSS  Oil  PHOOUtTION 
fflCTOP  toSI  fPSl  rpsi  fOSI  IRIAIING  tOSI 

I/IHL  t/PPl  1/  P'l  1/HPI  t/SHl  • S/HMl 


PRICE  <«OLl«RS)  VERSUS  RATE  Or  REIURN  IPERCEHI) 


IFKIMKV  OIL  »6COVFMV  PBOJI-C 


fCftflARV  OIL  RECOVCRV  PHOJCCf 
ECONONIC  PROGRAM 


rmCE  «nOLL«RS>  VERSUS  RAIE  OF  REtURN  (HERCENI) 
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TEHTIART  OIL  RECOVEHY  PBOJECT 
MICELLAR  PROCRAH 


INPUT  DATA 


TEST  CASE  NO.  1 ELDORADO  flSLOf  650  EOOT  SANO«  BUTLER  COUNTY.  KANSAS 


OIL  viscosity 

WATER  VISCOSITY 

PRESSURE  DROP  ............ 

ABSOLUTE  permeability  ........ 

POROSITY  . ...... 

INITIAL  OIL  SATURATION  ....... 

bypassed  water  saturation  ...... 

WATER  SATURATION  IN  MICELLAR 
BANK  AFTER  POLYMER  INJECTION  . . . . 

DESISN  MICELLAR  SLU6  SIZE  

CESICN  POLYMER  SLU6  SIZE  ...... 

CONVERGENCE  CRITERIA  

NUMBER  OF  CHANNELS  ......... 

NUMBER  OF  CELLS 


4.77000  CP 
1.0Z000  CP 

400.00000  PSI 

200.00000  NO 
0.26200 
0.2B000 
0.20000 

0.30000 

a. 00000  PERCENT  PORE  VOLUME 
70.00000  PERCENT  PORE  VOLUME 
0.00001 


SHAPE  FACTORS  . . . 


channel  1 

CHANNEL  2 

CHANNEL  3 

channel  4 

CHANNEL  5 

CMANNE 

17.372 

17.880 

19.620 

36.582 

0. 

c. 

1.506 

1.558 

1.696 

2.920 

0. 

0. 

0.886 

0.900 

0.950 

1.848 

0. 

0. 

0.631 

0.639 

0.670 

1.197 

0. 

0. 

0.495 

0.495 

0.536 

0.928 

0. 

0. 

0.397 

0.397 

0.44  0 

0.768 

0. 

0. 

0.325 

0.331 

0.363 

0.643 

0. 

0. 

0.286 

0.282 

0.30e 

0.535 

0. 

0. 

0.256 

0.245 

0.262 

0.451 

0. 

0. 

0.231 

0.220 

0.229 

0.378 

0. 

0. 

0.211 

0.200 

0.203 

0.310 

0. 

0. 

0.196 

0.185 

0.182 

0.253 

0. 

0. 

0.183 

0.172 

0.166 

0.205 

0. 

0. 

0.173 

0.162 

0.152 

0.167 

0. 

0. 

0.166 

0.155 

0.229 

0.139 

0. 

0. 

0.161 

0.150 

0.128 

0.121 

0. 

0. 

0.158 

0.147 

0.118 

0.108 

0. 

0. 

0.155 

0.144 

0.110 

0.096 

0. 

0. 

0.152 

0.139 

0.105 

0.088 

0. 

0. 

0.150 

0.124 

0.101 

0.082 

0. 

0. 

0.150 

0.124 

0.101 

0.082 

0. 

0. 

0.152 

0.139 

0.105 

0.088 

0. 

0. 

0.155 

0.144  . 

0.110 

0.096 

0. 

0. 

0.158 

0.147 

0.118 

0.108 

0. 

0. 

0.161 

0.150 

0.128 

0.121 

0. 

0. 

0.166 

0.155 

0.139 

0.139 

0. 

0. 

G.2 


0.1  ?3 

0.162 

0.152 

0.167 

0. 

0. 

0.183 

0.172 

0.166 

0.205 

0. 

0. 

0.1M 

0.185 

0.182 

0.253 

0. 

0. 

0.211 

0.200 

0.203 

0.310 

0. 

0. 

0.231 

0.220 

0.229 

0.378 

0. 

0. 

0.2  56 

0.245 

0.262 

0.451 

0. 

0. 

0.286 

0.282 

0.30  6 

0.535 

0. 

0. 

0.325 

0.331 

0.363 

0.643 

0. 

0. 

0.397 

0.397 

0.440 

0.768 

0. 

0. 

0.495 

0.495 

0.536 

0.928 

0. 

0. 

0.631 

0.639 

0.670 

1.197 

0. 

0. 

0.886 

0.900 

0.950 

1.848 

0. 

0. 

1.506 

1.558 

1.696 

2.920 

0. 

0. 

17.372 

17.880 

19.620 

36.582 

0. 

0. 

RELATIVE 

RERMEABILITT  data  . 

• • 

WATER 

REL.  BERM. 

REL.  BERM. 

saturation 

TO  OIL 

TO  WATER 

0.2500 

1.0000 

0.0000 

0.2729 

0.8300 

0.0004 

0.2959 

0.7800 

0.0080 

0.3188 

0.6700 

0.0200 

0.3418 

0.5700 

0.0340 

0.3647 

0.4800 

0.04  SO 

0.3877 

0.4000 

0.0580 

0.4106 

0.3100 

0.0700 

0.4336 

0.2700 

0.0770 

0.4565 

0.2100 

0.  08  90 

0.4795 

0.1750 

0.0990 

0.5024 

0.1250 

0.11  00 

0.5254 

0.1000 

0.1200 

0.5483 

0.0750 

0.1300 

0.5713 

0.0480 

0.14  80 

0.5  94  2 

0.0330 

0.  1 6 00 

0.6172 

0.0210 

0. 1 8 50 

0.6401 

0.0135 

0.2000 

0.6630 

0.0065 

0.22  50 

0.6860 

0.0033 

0.2500 

3.7090 

0.0008 

0.2800 

0.7200 

0.0000 

0.3000 

AT  initial 

SATURATIONS  KRO  « 

0.00001000  KRU  a 0.30000000 

IN  $tabil12eo  a*tiK,  SOM  > 0. 

67207999  SWM  a 0,32792001 

KRO  ■ 

0.62758017  KRU  ■ 

0.025  54254 

G.3 


POLYMBR  SECTION  . . . 


*T  SOr  • 0.61699503  PO  ■ 0.41573154  PU  • 0.05518297 

DESIGN  POCTKER  SLUG  VOLUME  ■ 4993.06500244  FT»*3 

NUMBER  OF  BATCHES  > 3 

VOLUME  PER  BATCH  ■ 1664.35499573  FT»»3 


SUMMARY  AT  END  OF  BATCH  1 


total  polymer  injected 

TOTAL  POLYMER  TIME  ■ 

■ 1664.35499573 
423.28149032 

CHANNEL 

CUM 

POLY 

CELLS 

POLY 

CELLS 

MICELLAR 

CELLS 

STAB. bank 

CELLS 

REMAINING 

1 

486.81034 

12.20351 

6.01419 

15.13659 

6.64572 

2 

480.18583 

10.86673 

5.33361 

13.46042 

10.33924 

3 

44  7.71500 

8.63372 

4.21306 

10.67404 

16.47918 

4 

249.64385 

5.88956 

2.85750 

7.26769 

23.98525 

SUMMARY 

AT  END  OF  BATCH  2 

total  POLYMER  injected 

total  polymer  time  ■ 

■ 3328.70999146 
828.42684936 

CHANNEL 

CUM 

POLY 

CELLS 

POLY 

CELLS 

MICELLAR 

CELLS 

STAB. BANK 

CELLS 

REMAINING 

1 

941.18211 

23.59383 

6.01419 

10.39198 

0. 

2 

946.74466 

21.42508 

5.33  361 

13.24131 

0. 

3 

920.49495 

1 7.75080 

4.21306 

18.03615 

0. 

4 

520.28844 

12.27456 

2.85750 

12.57281 

12.29513 

AT  END  OF  SFTCH  3 

total  polymer  injected 
total  polymer  time  ■ 1 

• 4993.06500244 
194.05729675 

CHANNEL 

CUM 

POLY 

CELLS 

POLY 

CELLS 

MICELLAR 

CELLS 

STAB. bank 

CELLS 

REMAINING 

1 

1405.05685 

35.22238 

4.77762 

o* 

0. 

2 

1410.73297 

31.92525 

5.33361 

2.74114 

0. 

SUHMART  of  conditions  at  end  of  micellar  injection 


total 

total 

DESIGN 

ELAPSED  TIME 
VOLUME  INJECTE 
micellar  slug 

m 

D « 

VOLUME  « 

82.34288693  OATS 
570.63600159  FT*«3 
570.63600159  FT«*3 

channel 

CUM 

MICELLAR 

CELLS 

MICELLAR 

CELLS 
STAS. sank 

CELLS 

REMAINING 

1 

167.938S1 

5.26242 

3.75810 

30.97948 

2 

164.97948 

4.66691 

3.33283 

32.00026 

3 

152.93229 

3.68643 

2.6326  2 

33.68095 

A 

84.78572 

2.50031 

1.78557 

35.71411 

AO-A052  6»3 
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